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Living things are dynamic structures built up of parts which 
are mutually dependent in their operations and, in any given spe- 
cies, possess definite and fairly constant spatial relations. It is these 
functional and spatial relations which we designate as ,organisation~. 
l~on-living systems may likewise exhibit a considerable degree of 
organization. Whether in the living or the non-living, organization 
is revealed to us by the changing configurations of matter. Its pro- 
blems, therefore, are problems of dynamics. I have recently presen- 
ted in a paper published in Science (1912) a general discussion of 
the problem of organization with special reference to the conception 
that the organism is constituted of a series of organizations of various 
grades~ one subordinate to another, the whole individual, or the 
Person (to use HAECKEL'S term) representing the highest of the 
series. In the paper just mentioned it is pointed out that this de- 
scription of the organism is not merely an arbitrary means of intro- 
ducing some order into complex structural data. Upon the contrary, 
it represents substantial reality. Cells, tissues, and organs are spa- 
tially distinct things. But they are not inert structural units like 
bricks and stones. Each is a more or less complex vortex-system 
in a stream of ever changing substance. We can not escape the 
conclusion that there must exist, somehow and somewhere, either a 

t) Contributions from the Zolilogical Laboratory of the Museum of Com- 
parative Zoiilogy at Harvard College. No. 253. 
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definite dynamic complex or a dynamic agent corresponding precisely 
to each of these organic units and immediately responsible for its 
form and the character of its activity. We therefore are impelled 
to ask, amongst other questions, what is the source, the seat of 
operation, and the nature of the forces which determine that numerous 
cells shall possess like form and shall be associated together in har= 
monious operation, constituting what we call a tissue? Where and 
what are the forces which, at one place, effect the shaping of a 
certain tissue into an organ of peculiar form and function, and else- 
where in essentially the same tissue produce an organ of quite 
different character - -  here an auditory vesicle, there an eye lens? 
Similar questions arise as to the relating of organs into the higher 
complexes of the whole individual. 

It is too often overlooked that these questions are not confined 
to ontogeny. They are equally insistent at every moment in the 
life-history of an organism. It is true that in most of the Metazoa 
the normal adult animal, in the larger aspects of its form, is in a 
condition closely approaching equilibrium. Viewed from time to time 
either as a whole or with reference to its organs and tissues, chan- 
ges of form are insignificant. But viewed minutely, quite another 
picture is presented to us. In every part of the living substance we 
see perpetual change. The old substance .passes out, new substance 
enters. There is no stability; all is in a state of flux. Yet, by 
some means as yet totally unknown to us, this eminently unstable 
and complex stream of substance is so confined within definite limits 
that the form of the whole appears to us as something almost sta- 
tic. This stability of form resembles that of a wave produced in a 
stream of water by an obstruction at the bottom of the stream. The 
form of the wave is fairly constant, but its substance is continually 
changing. The ultimate problem of the organism is to discover the 
force-complex which, at a particular point in the organism and at 
any given moment in the life-history, is immediately responsible for 
the specificity of form and activity. 

In the paper of 1912 alternative hypotheses regarding the nature 
of organization are discussed, and suggestions are made concerning 
the general plan of attacking the problem. It is there proposed 
that a desirable, if not an essential, preliminary consists in such an 
analysis of organic phenomena as will enable us to recognize any 
particular organic event as the function of a unit of organization of 
a certain grade - -  that is, of the grade of cell, tissue~ organ, or 
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yet higher organization. Such analysis is possible, for every simple 
organic operation must be the function of one or another of these 
organic units, and complex operations can be resolved into their 
simple components. 

This study of wound-closure in actinian tentacles represents an 
attempt to approach the problem of organization from the direction 
just indicated. Amongst Metazoa, the coelenterates possess a relatively 
simple organization. The structure of actinians is as completely and 
minutely known as that of any metazoan. The wound-closing re- 
actions are simple. The experiments may be performed under con- 
ditions in which the wound is the only disturbing factor imposed 
upon the organism. It is proposed to study the wound-closing with 
a view to distinguishing the part played therein by the cell, the 
tissue, the organ, and the whole actinian. In brief, our aim is to 
drive a very small part of the problem of organization into a tight 
corner and there to take a prolonged, minute, and thoughtful look 
at it. If the outcome should appear futile, or at best trivial, it 
should be remembered that the problem is a large one. For a full 
appreciation of the point of view from which the present work is 
undertaken and the purpose underlying it, the reader must be refer- 
red to the paper of 1912. 

In former papers I have described studies which were based 
upon the same general purpose as that which underlies the present 
paper. In the first of these (1904) I described the part played by 
the epidermis of the earthworm in the repair of a wound. This was 
essentially a study of an epithelium with reference to the relations 
of the behavior of its constituent cells to the behavior of the epi- 
thelial layer as a whole - -  that is, with reference to the nature of 
its organization as an epithelium. In 1909 I gave an account of the 
simple reparative process exhibited in the closing of cut ends of 
tentacles of the large Bermuda actinian, Condylactis passiflora. The 
studies described in the present paper consist in a continuation of 
the earlier work upon actinians, being to a large extent a repetition, 
upon another species, of the experiments described in the paper 
of 1909. Such repetition seemed desirable, in the first place, for the 
purpose of discovering whether the reparative process would be 
found to vary in any important respects in different species; in the 
second place, to determine whether the extraordinarily large size of 
the Bermuda species which served as the material for most of the 
earlier work is correlated with any peculiarities of the reparative 
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behavior in that species. In fact, the work upon Condylactis gave 
rise to certain questions which the study of some comparatively 
small actinian promised to answer. Appropriate and conveniently 
accessible material for this study was afforded by Sagartia luciae Ver- 
rill, the small orange-striped actinian occurring commonly along the 
southern New England coast. Studies similar to those described in 
this paper have been carried out upon Metridium by W. M. CHESTE1C 
At the time of the present writing his paper is in press 1). My ex- 
perimental work upon Sagartia was done at the laboratory of the 
United States Bureau of Fisheries at Woods Hole, in the summers 
of 1909 and 1911. 

Individuals of Sagartia luciae withstand laboratory conditions 
for long periods without showing any ill effects. The aetinians used 
in my experiments were kept in small aquaria containing stones 
such as the animals naturally cling to. The water of the aquaria 
was changed every day or two. From time to time I put into the 
aquaria masses of algae swarming with small organisms which ser- 
ved as food for the actinians. Animals kept in this way for two 
or three weeks were in no apparent way unlike those which had 
been recently collected. 

In any random collection of Sagartia the size of the polyps 
varies considerably. I usually selected, for my experiments, polyps 
of medium size. The approximate dimensions of such an individual 
were found to be as follows: - - he igh t  of column, 7 ram.; mean dia- 
meter of column, 5 mm.; length of the longer tentacles, 7 or 8 ram.; 
diameter of the larger tentacles near their bases, 0.6 to 0.75 mm. 
The diameter of a tentacle diminishes gradually from base to tip. 

Description of Experiments. 
According as whether the cut surface produced by transection 

of a tentacle lies at the distal or at the proximal end of the seg- 
ment of tentacle and, secondly, whether the segment of tentacle is or 
is not attached in its normal relation to the column, four possible 
situations exist. First, if a distal portion of a tentacle is removed, 
the stump, remaining in its normal relation to the column, possesses 
a distal cut end. The three other situations obtain in excised seg- 
ments of tentacles. Here we have to consider first the behavior at 

t) CHESTEt~'S paper has since been published. See the Bibliography: 
CHESTER, 1912. 
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a proximal cut end when the distal end of the excised segment has 
not been cut, and, secondly, the behavior at the proximal cut end 
when the segment possesses likewise a distal cut surface. The 
fourth of the possible situations is presented by a distal cut end 
upon an excised segment. 

The Closing of the Distal Cut End of a Segment o f  T e n t a c l e  
w h i c h  is in its Normal Relation to the Column. 

This experiment was conducted as follows. The actinian was 
removed from the aquarium to a small glass dish such as could be 
placed upon the stage of a dissecting microscope. The animal was 
allowed time to become well attached to the glass and fully expan- 
ded. Then, by means of delicate sharp-pointed scissors, tentacles 
were transected. It was often possible, by careful manipulation, to 
cut a single tentacle without any disturbance of others. In other 
cases, at a single clip of the scissors, pieces were removed from 
several or many tentacles. Tentacles were cut at levels varying 
from near the base to the distal extremity. 

The immediate conspicuous result of cutting a tentacle is con- 
traction. The minimum contraction occurred in somc instances where 
a small segment was removed from the tip of a single tentacle. In 
such cases occasionally the contraction was confined to the tentacle 
which was cut and lasted scarcely a second before the tentacle began 
to extend. Sometimes, when the operation was performed with a 
minimum of mechanical disturbance, the cut tentacle did not contract 
down to the column, but merely became momentarily somewhat re- 
duced in length. Mechanical disturbance was caused not merely by 
the cutting but also by a decided tendency of the tentacles to stick 
to the scissors. This was probably due to the mucus secreted by 
the ectoderm. In the act of removing the scissors it was obvious 
that more or less of a jerk was given to the stump of the tentacle. 
This was possibly the occasion of the fact that the degree of con- 
traction varied greatly after operations which were carried out in as 
nearly as possible the same way. When a considerable portion of 
a tentacle was cut away, the stump invariably contracted down close 
to the disc and commonly there was more or less contraction of the 
neighboring tentacles, with perhaps some invaginating of the ad- 
jacent region of the disc. ]Not infrequently the cutting of a single 
tentacle was followed by the contraction of the whole polyp. When 
only a single tentacle was cut, its contraction endured usually for 
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not more than a minute or two. Even when contraction of the 
whole animal occurred, it lasted only for a few minutes. The simul- 
taneous cutting of several tentacles invariably caused the polyp to 
assume its condition of extreme contraction. It remained in this con- 
dition for periods varying from a few minutes to a half hour. For 
example, in one experiment pieces of various size were simultaneously 
cut from about twenty-five tentacles. Extreme contraction of the 
polyp lasted for twenty minutes. At the end of the twenty minutes 
a few of the uninjured tentacles began to be extended and by the 
end of thirty minutes the polyp, including many of the damaged 
tentacles, was fairly well extended again. In another case, however, 
when as many as fifteen tentacles were simultaneously cut, the con- 
dition of extreme contraction lasted less than five minutes and by 
the end of five minutes the polyp, including several of the cut ten- 
tacles, was well expanded. Thus, the relation of the extent of the 
wounding to the degree and duration of the consequent contraction 
was exceedingly inconstant. I did not attempt to secure accurate 
data upon this matter. Nevertheless, in the course of the exper- 
iments it became perfectly clear that in general the degree and the 
duration of contraction, and the extent to which the animal became 
involved in it, all varied directly, altho very irregularly, with the 
extent of the wounding. 

The condition of the cut end of a tentacle, viewed at the earliest 
possible moment after cutting, was invariably as represented in Fig. 1. 

In cases where only brief contraction 
Fig. 1. of the tentacle followed, it was often 

possible to observe the cut end within 
a few seconds after the cutting. Often, 
when only a small piece was cut from 
the tip of a tentacle, the cut end was 
lost to view for only the fraction of 
a second required for the removal of 
the scissors. When tentacles, after 

b extreme contraction, first emerged into 
view, being still very far from full 

a extension, their cut ends always ap- 
peared as in Fig. 1. 

The peculiarities of the condition represented in Fig. 1 are as 
follows. The cut end of the tentacle appears tightly closed. While 
elsewhere the tentacle is more or less well extended, in the vicinity 
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of the cut end its wall is so tightly contracted that no lumen there 
exists. This contracted portion of the tentacle is cylindrical, or 
nearly so, its length being in some cases nearly as great as the dia- 
meter of the tentacle (Fig. la), but more commonly less than that 
(Fig. lb). The ectoderm within the contracted terminal portion of 
the tentacle is four or five times as thick as it is in the extended 
part of the tentacle. The relatively dark entoderm of the contracted 
region appears as a narrow solid core within the thickened ectoderm. 
Between the cylindrical region of maximum contraction and the fully 
expanded portion of the tentacle is a region of transition from one 
to the other. Here, passing proximalwards, the diameter of the ten- 
tacle gradually increases and the thickness of the ectoderm gradually 
diminishes. Within the contracted region the ectoderm appears denser 
and less translucent, and the entoderm is darker than in the expan- 
ded region. That the cut end is functionally closed is evidenced by 
the fact that such tentacles are capable of the fullest possible disten- 
tion, under the natural internal fluid pressure, without showing any 
signs of leakage. In fact, they often appeared more completely 
relaxed and more distended than the normal tentacles. 

So far as I have described it, this behavior of the Sagartia 
tentacle is much like that of the enormously larger tentacle of Con- 
dylactis under similar conditions. In Condylactis the terminal con- 
tracted portion of the cut tentacle was, in proportion to the diameter 
of the tentacle, very much smaller than in Sagartia. Appearing as 
a relatively small cylindrical protuberance at the pole of the other- 
wise hemispherical surface of tbe closed end of the cut tentacle, I 
designated it as a ,nipple,. The same term, even if somewhat less 
appropriate~ may be applied to the corresponding feature in Sagartia. 

The behavior of the cut distal end of an attached tentacle, as 
thus far described, was observed in so many cases as to make it 
certain that it is practically an invariable result of cutting under 
such circumstances. I have recorded in detail the cutting of forty- 
five tentacles in this way. I cut probably at least one hundred more 
in the search for some exception to the form of behavior which I 
have described. :Not a single case which was in any significant way 
an exception appeared. 

If the cut tentacles are kept under observation for a few hours, 
it soon becomes evident that the nipple is a temporary feature of 
the closed end. At the end of the first hour after the operation the 
nipple is shorter than it was at first.. As time passes the nipple 
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steadily becomes shorter. The shortening was due, so far as I could 
observe, not to any loss of material at the distal end of the nipple, 
but to the fact that less and less of the tentacle wall was involved 
in the contraction. In some cases, at the end of five hours after the 

Fig. 2. 
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operation, the nipple had quite dis- 
appeared (Fig. 2 b) leaving the end of 
the tentacle approximately hemispher- 
ical and entirely closed structurally. 
The layers of the tentacle wall at the 
closed end were, however, still much 
thicker than elsewhere in the tentacle 
and there were some irregularities in 
the thickness of the ectoderm. Other 
cases at the end of five hours showed 
the nipple in its last stages of dis- 
appearance (Fig. 2a). Within six to 

eight hours after the operation the nipple had usually completely dis- 
appeared, but the thickening of the layers at the hemispherical end 
of the tentacle still persisted. 

When the cut tentacles were observed on the morning of the 
day following the beginning of the experiment, or about eighteen 
hours after the cutting, they invariably exhibited perfectly closed 
smoothly hemispherical distal ends over which extended the ectoderm 
and entoderm of normal thickness and with perfect regularity. A 
noteworthy peculiarity of the injured tentacle lay in the fact that it 
was approximately cylindrical fl'om its base to its hemispherical end. 
The normal tentacle tapers fairly gradually from base to tip. Thus, 
the distal portion of the repaired tentacle had a diameter absolutely 
greater than that of corresponding regions of normal tentacles. The 
same peculiarity was observed in Condylaetis. In Sagartia this ab- 
normal distention was most marked in cases where as much as the 
distal third or half of the tentacle had been removed. It was less 
conspicuous when only a very short distal segment was removed. 

:None of the injured tentacles were kept under observation longer 
than a week. Within that time no noticeable regenerative growth of 
the shortened tentacles took place. 

So far I have only described what I saw. Now the question arises 
as to how this closure of the cut tentacle is effeeted. What structural 
elements are active in the process? Toward the answering of these 
questions some inferences may be drawn from the observations. 
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There are at least two distinct phases in the process of closing 
the cut tentacle. The first consists in something that happens im- 
mediately after the cutting - - t h a t  is, the formation of the nipple, 
whereby the prompt closure of the wound is effected. The second 
phase consists in some relatively slow changes (requiring eight hours 
or more) which involve the gradual disappearance of the nipple and 
the definitive closure of the cut end by means of a normal tentacle 
wall. Everything indicates that the first phase of the closing pro- 
cess depends upon the action of muscles of the tentacle wall. The 
rapidity with which the nipple is formed makes any other explana- 
tion of its nature unlikely. The tissues of the nipple show every evi- 
dence of contraction. In the thickening of the layers of the tentacle 
wall within the nipple and in their greater density and opacity as 
compared to the layers in an extended region of the tentacle, the 
conditions are similar to those to be seen in any strongly contracted 
region of a normal tentacle. A final test of the matter may be made 
by observing the behavior of a cut tentacle in an animal whose 
muscles have been rendered incapable of acting. 

Chloretone was found to be an efficacious and convenient means 
of putting the neuro-muscular mechanism out of action. The exper- 
iment was conducted as follows. A normal polyp was allowed to 
become well attached and fully expanded in a suitable shallow glass 
dish. Then a few crystals of chloretone were placed in the dish, 
some falling to the bottom, others resting on the surface film of the 
water. The crystals dissolve very slowly, but within a half hour the 
animals begin to show the effects of the chloretone. Their muscular 
responses become sluggish and weaker. Usually at the end of one 
hour the animal appeared to be completely paralyzed. The column 
becomes slightly flaccid and the tentacles hang limply over the edge 
of the disc, altho they are still well extended and fully inflated. In 
animals which had been completely paralyzed for half an hour or 
more, the ectoderm of the tentacles was in some cases observed to 
appear very slightly contracted and thickened. The ciliary action 
continues vigorously in the ehloretone. When the polyp reached 
this condition most of the undissolved crystals of chloretone were 
removed. A few were left to offset volatilization. 

The animal now showing no response whatever to the most 
vigorous tactile stimulation, a tentacle or several tentacles are cut 
in the usual way. As the scissors are withdrawn the sticking of 
the tentacle to the scissors is very marked. As would be expected, 
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no contraction of the polyp or of the cut tentacle takes place. As 
regards conditions at the distal end of the stump of the tentacle, in 
the great majority of cases it was found that the pressing together 
of the opposite sides of the tentacle by the blades of the scissors in 
the act of cutting had caused the two opposite halves of the cut 
edge to stick firmly together. The adhering of the cut edges when 
thus pressed togethel I attribute to the mucus rather than to any 
adhesiveness of the cut tissues themselves. The cut end then ap- 
peared as shown diagrammatically in Fig. 3a. This adhering of the 
cut edges did not occur in animals that were not paralyzed. The 
difference is doubtless due partly to the fact that the tonus of the 

n o r m a l  tentacle wall renders it stiffer than that of the paralyzed 
tentacle~ and partly to the instantaneous contraction which so thickens 
the tentacle wall as to favor its retaining the cylindrical form. My 

Fig. 3. 

d e f 

purpose being to observe what happened" at an open cut end, and 
this adhesion of the cut edge being a purely mechanical effect of 
pressure and a sticky mucus, I found means of opening the closed 
cut ends immediately after the act of cutting. A little manipulation 
with the tips of forceps, or with forceps and needle, served to do 
this. The edges, once parted, showed no further tendency to unite 
directly. Instead they separated so that the opening became nearly 

-circular, altho its outline was at first more or less irregular or jag- 
ged. Even after the end of the tentacle had been opened~ the 
tentacle did not collapse. It remained plump and full. If, however, 
the tentacle or any part of it was flattened by pressure, it remained 
so flattened for an indefinitely long time. 

The opening at the cut end of the tentacle, observed as soon 
as possible after the act of separating the adhering edges, --  usually 
about one minute after the act of c u t t i n g , -  was invariably found 
to be slightly less in diameter than the lumen of the tentacle a short 
distance below the cut end. (See Fig. 3b.) The wall of the tentacle 
in the immediate vicinity of the cut edge bends slightly but sharply 
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inward, and the layers~ especially the ectoderm, are somewhat thickened 
there. In the less frequent cases where the end was not at first 
closed by adhesion of the cut walls, this slight inbending and thicken- 
ing at the cut edge was seen immediately after the act of cutting. 
The series of diagrams, Fig. 3b--f~ shows the form. of the cut end 
and the size of the orifice in these paralyzed tentacles at successively 
later stages after the operation. Each figure, except b and f, repre- 
sents the tentacle as tipped toward the observer just enough to bring 
the circular orifice fully into view. In b the end of the tentacle is 
viewed in optical section. Fig. 3c shows the end of a tentacle as 
it app~eared two or three minutes after cutting. The only difference, 
at this stage, between a tentacle whose end was at first closed by 
adhesion of the cut edges and one which was not so closed is that 
the outline of the orifice is likely to be less regular in the former 
case than in the latter. In any case such irregularities rapidly 
vanish. Within five minutes after the operation the orifice appears 
bounded by a smoothly curving edge of uniform thickness. As nearly 
as the eye can judge, the opening is perfectly circular. 

Careful observation of the cut end within the first ten minutes 
after the cutting makes it quite clear that the orifice is steadily 
diminishing in size. Fig. 3d shows a tentacle as it appeared fifteen 
minutes after cutting. The diameter of the orifice is about one-half 
the diameter of the tentacle. There was much variation in the rate 
of closing. In another instance the diameter of the orifice was re- 
duced to one-half that of the tentacle in seven minutes, while in yet 
other cases it was not perceptibly smaller than that after two hours. 
The end of the tentacle at this stage has a surface which is curved, 
approaching the hemispherical. Fig. 3e shows a tentacle as they 
commonly appeared two hours after cutting. The diameter of the 
orifice is now about one-third that of the tentacle. The orifice con- 
tinues to narrow until, six hours after the operation, its diameter is 
about one-tenth that of the tentacle. Fig. 3 f  shows the tentacle at 
this stage, viewed endwise. The orifice appears as a minute cir- 
cular pore. There are two or three faint radial wrinkles about it. 
When the end of this tentacle was viewed sidewise so that the 
layers in the vicinity of the pore were seen tangentially, both ectoderm 
and entoderm appeared to be of perfectly uniform and normal thickness 
over the entire end. Complete closure of the cut end is accomplished 
within six to eight hours after the cutting. There is, however, great 
variation. In the case of one polyp, in particular, the cut tentacles 
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closed much more rapidly than in the others. Many of them ap- 
peared to be perfectly closed at the end of three hours. The polyp 
was accordingly returned to normal sea water. The subsequent be- 
havior of the cut tentacles, to be referred to later (page 171), showed 
that their ends were not actually completely closed. It should be 
noted, too, that the closure proceeds most rapidly during the first 
hour or two after the cutting. As the orifice becomes smaller the 
rate of its decrease in diameter becomes less. Thus, the diameter 
of the orifice was reduced to about one-half that of the tentacle in 
seven minutes in one ease, in fifteen minutes in other cases. At 
the end of two hours it was usually reduced to about one-third the 
diameter of the tentacle, but it required four to six hours more for 
the complete closing of this comparatively small opening. 

Thus far in our consideration of the behavior of paralyzed 
tentacles the main point is that in no case was cutting followed by 
the formation of a nipple, nor was there anything which resembled 
or suggested the nipple which invariably appears when a normal 
tentacle is transeeted. In some instances tentacles were cut in polyps 
which were not perfectly paralyzed, as indicated by the fact that 
they still gave weak and sluggish responses to tactile stimulation. 
In such eases the characteristic nipple appeared, but less promptly. 
In one experiment ehloretonc was applied to the animal at ten 
o'clock in the morning. At 10.45 some tentacles still gave faint 
muscular reactions. Others gave no reactions. The tip was cut off 
one tentacle and a poorly defined nipple formed at the cut end. 
But it endured for only two minutes. At the end of this time it 
relaxed and the cut end assumed the condition represented in Fig. 3c. 
The tentacle then underwent the slow process of closing, in the 
manner I have described, and without the reappearance of the nipple. 
At 10.55 tactile stimulation failed to elicit response from any part 
of the polyp. Other tentacles were then cut and in no case did a 
nipple appear. The only instance where nipples appeared in ten- 
tacles which were supposed to be paralyzed was one in which the 
animal had been left in the ehloretone solution for two hours before 
the tentacles were cut. In this animal several cut tentacles ex- 
hibited nipples which endured for one or two minutes after the act 
of cutting. They then relaxed, leaving the cut ends broadly open, 
and the slow process of closure proceeded. In an experiment pre- 
viously referred to, the cut tentacles of a paralyzed polyp appeared 
to be nearly or quite closed at the end of the third hour after the 
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operation. The animal was then returned to normal sea water. 
Within fifteen minutes faint muscular responses appeared and the 
tentacles began to move spontaneously. As soon as they had begun 
to move, I discovered that some of the cut ends were still in- 
completely closed, and a minute or two later, with the further return 
of muscular activity, the characteristic n!pples formed upon every 
one of these open ends. In all of the experiments with chloretone~ 
therefore, there is a very close correlation between the formation of 
nipples and the capacity of the animal for muscular response to 
tactile stimulation and for spontaneous movement. The experiments 
prove conclusively that the nipple is a muscular sphincter. 

B e h a v i o r  o f  E x c i s e d  T e n t a c l e s .  

Excised tentacles of Sagartia, like those of Condylactis, remain 
alive for several days. During that period they exhibit activities 
which must be taken into account in any consideration of the nature 
of actinian organization. 

Anyone who has experimented with actinians becomes familiar 
with the marked proclivity of their tentacles for contracting upon 
the least provocation. It therefore comes as a considerable surprise 
to him to note that a large segment of a tentacle, or indeed an entire 
tentacle, may be cut away with little or no appreciable immediate 
contraction of the excised part. I f  the operation is performed so that 
no part of the tentacle distal to the plane of section is touched, and 
if the tentacle is not too violently agitated in the cutting or in re- 
moving it from the edge of the scissors, and if it receives no other 
mechanical stimulation stronger than that occasioned by its landing 
gently upon the smooth glass bottom of the dish, it may, so farm 
show no contraction either in diameter or in length. :Naturally it 
was not easy to secure all of the conditions I have just mentioned. 
It was particularly difficult to free the excised parts from the scissors 
without inducing contraction. :Nevertheless I have frequently observed 
excised tentacles remaining for several seconds after excision in a 
state of such extension that I was unable to convince myself that 
they had contracted at all. In one case with a single cut of the 
scissors I removed from a well extended polyp a piece of the disc 
bearing some fifteen tentacles. The whole excised mass fell to the 
bottom of the dish and most of the tentacles for a minute or more 
remained well extended. The behavior of the excised part is in 
striking contrast to what happens upon the other side of the plane 
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of section, where immediate and energetic contraction of the stump 
of the cut tentacle, and often of the entire polyp, ensues. Condi- 
tions similar to these were observed in Condylactis where, however, 
a conspicuous result of the cutting was the collapse of the tentacle 
wall owing to the release of the internal fluid pressure. The col- 
lapse was accompanied by some degree of contraction, altho it was 
very far from the maximum contraction of which the tentacle is 
capable. In Sagartia the collapsing of the cut tentacles was not 
eonspieous, doubtless owing to the small diameter of the lumen and 
the relatively greater thickness of the wall. Clearly, if the tentacle 
were a closed sac filled with fluid, neither collapse nor contraction 
would be possible. But, so far as I could observe, the cut end of 
the excised tentacle never became closed by adhesion of its edges 
except when chloretone was used. 

In no case, however, does an excised tentacle remain extended 
for any considerable time after excision. Usually within a few se- 
conds, or a minute at the most, contraction takes place. If the 
tentacle is stimulated by touching it near its distal end, its contrac- 
tion is immediate , energetic and extreme. But if left to itself it 
commonly undergoes several spasmodic, jerky contractions, which 
occur at intervals of a second or less, until the excised part is re- 
duced to about one-half its original length and diameter. The layers 
of the tentacle wall become correspondingly thicker and appear denser 
and more opaque. Having reached this degree of contraction the 
tentacle may remain for an indeterminate length of time without 
further contraction. If  stimulated, however, it contracts more. Such 
contraction is soon followed by extension until the tentacle regains 
the degree of extension which it had when the stimulus was applied. 
I f  the tentacle is left undisturbed for an hour or two after excision, 
it usually exhibits more or less activity, alternately contracting and 
extending without obvious cause. Sometimes this spontaneous con- 
traction is slight, sometimes it is extreme, reducing the tentacle to 
a short thick cylinder. But in no case that I have observed does 
the extension which follows one of these contractions exceed that 
state of half extension resulting from those first spasmodic con- 
tractions which occurred soon after the tentacle was cut. There 
seems to be something definitive, for the excised tentacle, about that 
condition of partial extension. In all the subsequent activity of the 
tentacle it never regains the condition of perfect extension which it 
possessed before excision. Those first contractions, after excision, having 
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occurred, all subsequent contracting and extending are relative to a cer- 
tain and considerable degree of persistent contraction in all dimensions. 
Additional contraction involves chiefly or only the length, and extreme 
contraction in length is attended by more or less increase in diameter. 

These excised tentacles, kept in small dishes of sea water con- 
taining bits of algae, remained alive as long as nine days. During 
the first day or two they are kept in constant locomotion, proximal 
end foremost, by the waving*of their ectodermal cilia. After the 
first few days the ciliary action often weakens so that the tentacles 
are propelled only intermittently or not at all. Yet in many cases 
it remained strong for five or six days. During the latter part of 
their isolated existence the tentacles showed a steady decrease in 
substance, apparently due chiefly to the breaking down of the ento- 
derm. From time to time occurred the discharge of formless sub- 
stance having the color of the entoderm. The discharge took place 
usually at an end of the tentacle, but sometimes thru a rupture of 
the side. After such discharges the tentacle was lighter in color, 
eventually becoming white and translucent. The ectoderm retained 
its integrity much longer than the entoderm. 

Now it remains to examine conditions at the cut ends of an 
excised tentacle. Two matters of comparison arise here. First, does 
the behavior of the distal cut end of an excised segment of tentacle 
differ from that of the distal cut end of a stump of tentacle which 
is in its normal relation to  the body? If  such differences should 
be found to exist, what do they indicate as to the relation of the 
whole organism to its part, the tentacle? Secondly, is there any 
difference in the behavior of proximal and distal cut ends of excised 
segments of tentacles? Such differences would be expressive of a 
polarity of some sort in the tentacle. 

The  D i s t a l  Cut E n d  of an E x c i s e d  T e n t a c l e .  

In this group of experiments tentacles were removed from nor- 
mal well extended polyps. After excision the tentacles were again 
transected so as to produce segments having distal cut ends. Usually 
the second cut was made as soon as possible after excision; but in 
some cases, for purposes of comparison, the second cut was made 
several days after excision. Sometimes only a small distal segment 
was removed from the excised tentacle, but more commonly the 
tentacle was bisected so that segments favorable for the comparison 
of proximal and distal cut ends were produced. 
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The immediate result of transecting an excised tentacle is the 
extreme longitudinal contraction of the proximal one of the two 
segments into which the tentacle is divided. This is true whether or 
not the tentacle has had time, since excision, to assume that defini- 
tive state of contraction which characterizes an excised tentacle. In 
rare cases the proximal segment did not undergo extreme longitudinal 
contraction, but contracted only partially and then writhed jerkily 
for several minutes. In all cases, however, the cutting was followed 
by violent motor disturbances of some s o r t -  usually con t rac t ion-  
in the proximal segment. In marked contrast to this, the distal one 
of the two segments contracted only slightly in response to the 
transecting, and in some cases I could not be sure that it contracted 
at all. Such contraction as took place in the distal segment seemed, 
for the most part~ to be localized in the immediate vicinity of the 
cut end. This difference in the responses of the proximal and distal 
segments invariably appeared, even in cases where the transection 
was performed as long as five days after excision, when the tentacle 
was in a somewhat reduced condition. The contraction of the prox- 
imal segment, following transection, lasts usually only a few seconds. 
The segment then slowly extends and may soon attain the fullest 
extension of which an excised tentacle is capable. Or it may suffer 
several recurrences of extreme contraction before regaining its fullest 
extension. If  an excised tentacle is transected immediately after 
excision and while it is still in the state of maximum extension for 
a normal tentacle, its recovery from the contraction caused by the 
second cutting never goes so far as to restore it to its original state 
of extension. It stops at that half extension which seems to be the 
limit for isolated segments of tentacles. 

Viewing the proximal segment of an excised tentacle as soon 
as possible after its separation from the distal segment, it appears 
as a short thick cylinder, or perhaps more accurately a truncated 
cone, for usually it tapers more or less from proximal to distal end. 
Its ectoderm is thickened and rugged and the entoderm is dark and 
opaque. Immediately at the distal cut end the tentacle wall is 
slightly bent inward so that the diameter of the orifice is a little 
less than that of the lumen of the tentacle just within the orifice. 
The ectoderm at the inturned edge is slightly thicker than elsewhere. 
A view of the distal cut end of an attached tentacle in a precisely 
corresponding condition I have not been able to get, for if the ten- 
tacle contracts much, as it nearly always does, it is for a time hid- 
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den from view by neighboring parts. When it reappears the cut 
end has been closed by means of the nipple. In the rare eases 
where the cut tentacle did not contract enough to obscure it, the 
nipple appeared immediately. There can be no inhending of the 
cut edge when the nipple is present, for the nipple is practically 
solid. 

The critical moment in the study of the excised proximal segment 
comes when it begins to recover from the contraction following the 
cutting. As general extension takes place, will there he contraction 
of a zone of circular muscles at the cut distal end, forming a nipple 
as in the case of the attached tentacle stump? The behavior of the 
excised tentacles does not justify giving either a positive or a nega- 
tive answer to this question without much qualification. The one 
thing perfectly clear is that the cut distal end of an attached stump 
of tentacle and the corresponding cut end of an excised segment 
behave very differently. In the case of the attached tentacle the 
nipple appears with mechanical invariability, and there is little varia- 
tion in its form. At the distal cut ends of isolated segments there 
is great variability in behavior. The facts are easily stated. Their 
interpretation is not so easy. 

In no case did a distal cut end of an excised segment of ten- 
tacle exhibit a tightly contracted muscular sphincter such as pro- 
duces the nipple on the attached tentacle. In the great majority of 
isolated segments the cut distal ends assumed forms which merely 
more or less approached or suggested the nipple form of the attached 
tentacle, and were of comparatively brief duration. There was 
considerable variation as to the length of time after cutting when 
these nipple-like conditions appeared, and as to their duration. In 
Figs. 4, 5 and 6 are represented groups of isolated segments result- 
ing from the approximate bisection of excised tentacles. In the cases 
represented in Fig. 4, bisection followed as soon as possible after 
excision. In the cases shown in Fig. 5, one or two days elapsed 
between excision and bisection, while in Fig. 6 the interval was five 
days. In Fig. 4, except for the single proximal segment marked b, 
the two segments resulting from the bisection of one tentacle are 
shown close together, end to end, in their original orientation. The 
letter, p, is placed at the proximal end of the proximal segment and 
the letter, d, at the distal end of the distal segment. The latter is 
the normal tip of the t en t ac l e - -no t  a cut end. In Figs. 5 and 6 
only proximal segments are represented. The letter d marks the 
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distal end of the segment. The eondxtlons shown in Fig. 4, a and b, 
were observed twenty minutes after bisection. The nipple-like forms 
seen in c and d obtained more or less constantly within the first ten 
minutes following bisection. After that the slight circular contrac- 
tion in the distal region of the proximal segments gradually dis- 
appeared. The segment assumed the form of a truncated cone and 
its distal end became broadly open. In the case of e, the nipple- 
like form persisted less than the first five minutes after bisection. 
The conditions shown in f and g occurred within the first half hour 
after bisection. In no instance have I found any definite resemblance 

Fig. 4. 
d 

f / '  b c d e _ i  
a g 

to a nipple in one of these isolated segments later than a half hour 
after bisection of the excised tentacle. 

In such distal cut ends as are shown in Fig. 4, a, b, c, d, e and f, 
the resemblance to the nipple of an attached tentacle is very strong. 
The chief difference is in the degree of contraction. In the attached 
tentacle that part of the wall which forms the nipple is so tightly 
contracted that the nipple has only a theoretical lumen. At the 
nipple-like end of the excised segment the contraction is not suf- 
ficient to close the end. Nevertheless, everywhere else in the ex- 
cised segment there is persistently a state of considerable contrac- 
tion, whereas in the attached tentacle, except at the nipple, there is 
complete extension. The nipple-like form at the distal end of the 
excised segment is not only of comparatively brief duration, but it 



W o u n d  C losu re  in A c t i n i a n  T e n t a c l e s  etc.  177 

is sometimes only intermittently present. As the segment from time 
to time alternately contracts and extends, the nipple form at its 
distal end is sometimes more plainly evident, sometimes less so or 
not all. Usually it is more definite during the phases of extension. 

Fig. 5. 

d 

a b e 

In segments which were bisected from one to five days after 
excision, conditions at the distal cut ends were in no significant way 
different from those in segments where bisection followed close upon 
excision. In Fig. 5, representing proximal segments of tentacles 
bisected one or two days after excision, a and b show a zone of con- 
traction in the distal region. This contraction was present during 

Fig. 6. 

a a" a "  b c 

the first ten minutes after bisection. In c no such contraction was 
observed. Fig. 6 represents, proximal segments of tentacles bisected 
five days after excision. In one case the form of the segment five 
minutes after bisection was as shown in a. Two minutes later it 
appeared as in a'. Twelve minutes after cutting, the distal con- 
traction bad disappeared leaving the segment as shown in a". The 
condition shown in b lasted about one minute after bisection. In case 
c no distal contraction was observed. 

Archly f. Entwicklungsmechanlk. XLI. ~ 
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Summarizing all of the observations, it is found that a more or 
less nipple-like form of the distal region existed for varying portions 
of the first half hour after ibisection in about three-fourths of the 
proximal segments observed. Thus, in a series of twenty segments 
which were especially closely watched, sixteen showed more or less 
definitely a tendency toward the nipple form. The other four did 
not approach that form. Three of these four are represented in 
Fig. 4, g, Fig. 5, c, and Fig. 6, c. 

Within the first half hour after bisection of the excised tentacle, 
it becomes evident that the distal opening of the proximal segment 
is becoming narrower. The tentacle wall is more and more bent in 
across the distal end. The condition presented by distal cut ends 

of proximal segments at the close 
Fig. 7. 

d 

Fig. 8. 

d 

of the first half hour after bi- 
section is represented in Fig. 7. 
From this time on there is less 
activity of the isolated segments. 
They remain most of the time 
at their maximum extension. 
Furthermore, after the first half 
hour the variability in conditions 
at distal cut ends largely disap- 
pears. In their subsequent history, 
before dissolution takes place, the 
most conspicuous event is the 
complete closing of the cut end. 

This is accomplished by a slow and gradual centripetal extension of 
the cut edge. The ever diminishing orifice is always smoothly outlined 
and perfectly circular. In some cases at the end of one hour after the 
cutting I was no longer able to detect an opening at the distal end. 
In most cases it was several hours before it was clearly evident 
that the end was perfectly closed. Fig. 8 represents a proximal 
segment eight hours after bisection of the tentacle. The distal end 
is perfectly closed and a slight indentation marks the point of final 
closure. Naturally~ the time required for closure varied with the dia- 
meter of the tentacle at the region of the cut end. 

From this account it appears that the behavior at the distal cut 
end of the excised segment, after the first half hour, is very much 
like that at the distal cut end of the attached tentacle in the 
chloretone. The only obvious difference is that the tentacle in chlore- 
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tone is fully extended, while the'isolated segment, in normal sea 
water, is persistently somewhat contracted. 

P r o x i m a l  Cut Ends. 

At the outset it may be stated that in the behavior at proximal 
cut ends no differences could be detected depending upon whether or 
not the opposite end of the segment was a cut end. The main ques- 
tion, therefore, is whether there is difference in the behavior of prox- 
imal and distal cut ends of excised segments. I found the results 
of my experiments somewhat perplexing in relation to this question. 
In view of what I had seen in Co~dylactis, I expected a difference. 
In the Sagartia tentacles the proximal cut ends proved to be vari- 
able in their behavior during the first half hour or so after cutting, 
just as were the distal cut ends of excised segments, l~ot infre- 
quently the comparison of proximal and distal cut ends in the two 
segments resulting from the bisecting of one tentacle revealed differ- 
ences so striking as to convince one, for the time, of their sig- 
nificance. But upon several successive repetitions of the experiment, 
as likely as not no such differences would reappear. In Fig. 4, a, 
c~ d and e, I have selected for illustration cases in every one of 
which the form of the cut ends of the two segments resulting from 
bisection of one excised tentacle seems to express a distinct polarity. 
All of these forms occurred within the first half hour after cutting. 
In Fig. 4, a, for example, the distal end of the proximal segment is 
definitely nipple-shaped. But the proximal end of the same segment, 
as well as the proximal end of the. distal segment, shows no in- 
dication of the nipple form. These two ends are smoothly convex, 
the wall of the tentacle carving gently over toward the orifice, which 
is much reduced in size. The contrast is sharpest when the distal 
end of the proximal segment is compared with the proximal end of 
the distal segment. The two cut ends resulting from the bisection 
are very different in form. The diameter of the proximal region of 
the distal segment is markedly greater than that of the distal region 
of the proximal segment. The conditions in Fig. 4, c, d and e, are 
much like those in a. Fig. 4, l a n d  g, show conditions which in one 
way or another are somewhat exceptional. In g, while the distal 
end of the proximal segment was not nipple-like, yet during the 
first half hour it was continuously of much less diameter than the 
proximal end of the distal segment. This difference might be taken 
as expressing some polarity. In f, however, the two cut ends pro- 

12" 
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dueed by bisection are praetieal~ identical in form, this condition 
persisting for the last ten minutes of the first half hour after cutting. 
The somewhat unusual degree of extension in the distal segment 
emphasizes the resemblance to the nipple form at its proximal end. 
But both at the distal end of the proximal segment and at the prox- 
imal end of the distal segment the quantity of wall involved in the 
regions which are more contracted as compared to the remainders 
of the two segments is considerably greater than that concerned in 
the formation of the nipple on an attached tentacle. 

While such conditions as are represented in Fig. 4, a, c, d and e, 
would seem to indicate a well marked polarity as regards the form 
of cut ends, the significance of these conditions is destroyed, or 
rendered dubious, by the fact that many of the proximal ends be- 
haved essentially like the majority of distal ends of excised segments. 

Fig. 9. 

a b c d e 

Types of proximal ends which commonly occurred within the first 
half hour after cutting are shown in Fig. 9, a, b and c. The case 
marked a was drawn five minutes after cutting, b and c twenty minutes 
after. The three eases there represented differ only in minor details. 
They are alike in showing a zone of contraction in the immediate 
region of the cut end. The cut edge is rounded and more or less 
bent inward. The zone of contraction involves a length of the ten- 
tacle not greater than the diameter. Within the zone of contraction 
ectoderm and entoderm are both markedly thickened. The form of 
the end shown in c is almost as much like the nipple on an attached 
tentacle as anything seen on any distal end of an excised segment. 
Such forms as are shown in Fig. 9, a, b and c, were assumed by the 
proximal ends immediately after cutting. In occasional cases there 
was at first even less contraction than is shown in these figures. 
These forms persisted without noteworthy change for varying por- 
tions of the first half hour after cutting. Like the similar forms at 
distal ends of excised segments, they were more conspicuous during 
the extension phases of the segment. Sooner or later the contrac- 
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tion in the proximal region gradually disappeared and the proximal 
end passed over into such a form as is shown in Fig. 9, d. The end 
is now smoothly convex and the wall, slightly thickened in the 
vicinity of the rounded cut edge, curves inward toward the constantly 
narrowing orifice. Now, except for the size of the opening, this is 
the form which some proximal ends (Fig. 4) exhibit from the b e -  
ginning. At the end of the first half hour, therefore, t he  proximal 
ends have attained uniformity, and from this time on their behavior 
is uniform. They remain smoothly convex and approximately hemi- 
spherical, and there is a steady centripetal advance of the edge of 
the orifice until complete closure of the end is effected. Four or 
five hours after cutting, proximal ends usually appear completely 
closed (Fig. 9~ e), the point of final closure being marked by a slight 
external indentation and a thin place in the translucent ectoderm. 
My observations upon the living segments were checked by examina- 
tion of serial sections of sixteen fixed and stained segments in which 
I found ectoderm and entoderm extending without interruption across 
proximal ends. 

B e h a v i o r  of  the  Cut Ends  of E x c i s e d  S e g m e n t s  u n d e r  the  
I n f l u e n c e  of  C h l o r e t o n e .  

How far is the neuro-muscular apparatus of the tentacle in- 
volved in the form changes at the cut ends of excised segments? 
Particularly, to what extent is the variability in the behavior at cut 
ends due to the action of this mechanism? I sought an answer to 
these questions by the use of ehloretone. An entire p o l y p  was 
completely paralyzed in the manner already described. Then ten- 
tacles were excised near their bases and subsequently bisected for 
comparison of proximal and distal cut ends. 

As regards general behavior, the excised tentacle shows as a 
whole no conspicuous response to the cutting. Often the proximal 
end becomes closed, at the instant of cutting, by adhesion of op- 
posite sides of the cut edge. When thus closed it was opened as 
quickly as possible by needle or bristle. As soon as the proximal 
end is open the tentacle collapses more or less. When the end is 
not closed by adhesion the tentacle collapses immediately upon 
cutting. This collapse appears to be purely the mechanical result 
of the release of the slight internal pressure. In some cases there 
was no observable contraction of the tissues either in the direction 
o f  the length or the circumference of the tentacle. In other cases, 
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while there was no pereeptible contraction in length, there was a 
slight contraction in diameter, evidenced not only by the ehange in 
dimension but by the fact that the ectoderm became a little thicker 
and the entoderm a little darker than in a tentacle at its fullest ex- 
tension. Bisection of the excised paralyzed tentacle causes no fur- 
ther contraction of either segment in either length or diameter. Cili- 

ary action continues strongly in the paralyzed seg- 
Fig. 10. ments. 

The cut ends, observed as promptly as possible 
f ~  after the act of cutting, invariably appeared as shown 

a t p  and d in Fig. 10. The figure shows the two seg- 
ments resulting from bisection of a single tentacle. 
They are drawn in their original orientation. This 
tentacle suffered the slight circular contraction after 
excision, but it was far more extended than any of the 
excised tentacles which were not subjected to chlore- 
tone. The two cut ends, p and d, resulting from bisec- 
tion are exactly alike. Here, throughout a region whose 
length is a little less than the diameter of the tentacle, 

1--- the ectoderm is twice as thick as it is elsewhere in 
Pd either segment. The entoderm of the same region is 

~ - ~  likewise much thickened, as shown by its density 
and dark color. But within this region of thickened 

I wall there is no contraction in diameter except for 
I the faintest possible constriction at the surface of the I . segment at the inner limit of the thickened region. If 

I there was longitudinal contraction, it was too little to 
be detected. The small size of these excised segments 
and their constant motion, due to the cilia, made ac- 
curate measurement impracticable. A local thickening 
of the wall, in the absence of circular contraction, al- 
most necessitates the assumption of longitudinal con- 

traction within the thickened region. This local thickening of the wall 
in the region of the cut end lasted only about one minute after the 
cutting was done. Then, without observable change elsewhere in 
the segment, the thickened region gradually thinned out so that two 
or three minutes later the wall in the region of the cut end was 
only very slightly thicker than in any other part of the segment. 
As soon as perceptible reduction in thickness had taken place, the 
wall at the very edge was seen to be distinctly curved inward. Five 
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minutes after cutting, a proximal cut end appeared as shown in 
Fig. 11. Distal cut ends were exactly like proximal cut ends. The 
tentacle wall in the region of the cut end is now scarcely per- 
ceptibly thicker than elsewhere. The cut edge is somewhat sharply 
curved inward. From this time on, so long as the 
segment remains under the influence of the ehlore- Fig. 11. 
tone, there is no recurrence of the thickening at the 
cut end and for a period of several hours there is 
no perceptible contraction or change of any sort in 
any part of the segment except that at the cut end 
the edge of the wall steadily advances centripetally 
until complete closure of the orifice is effected. The 
time required for complete closure varied from two 
to six hours, depending in part upon the diameter of 
the segment at the cut end. 

In all of the experiments with ehloretone the state of the tissues 
was tested from time to time by tactile stimulation. Except where 
I have made statements to the contrary, the condition was always 
such that there was not the slightest response to the most violent 
tactile stimulus. In some cases I even crushed or poked holes in 
the tentacles without producing any general response. In one in- 
stance an excised segment which had been completely paralyzed for 
a half hour was returned to normal sea water. At the end of four 
minutes it underwent a circular contraction which reduced it to 
about two-thirds the diameter which it had while in the chloretone. 
It did not shorten at the same time. One minute later I gave it a 
strong tactile stimulus at its distal end. It thereupon slowly con- 
tracted longitudinally to slightly less than two-thirds its former length. 
These changes reduced the segment to that state of persistent contrac- 
tion which is characteristic of excised tentacles in normal sea water. 

Reaction of Tentacles to Tactile Stimulation. 

In my examination of the tentacles of Condylactis with reference 
to the question of polarity, I found that they exhibited a certain 
polarity in their responses to tactile stimulation. I have therefore 
made some study of the reactions of the tentacles in Sagartia. We 
have already seen that tentacles exhibit a polarity in the reactions 
to transection in that the resulting motor disturbances are much 
stronger on the proximal side than on the distal side of the plane 
of transection. 



184 Herbert W. Rand 

Stimulation was applied either by means of a needle point or, 
when it was desired to administer a very gentle stimulus, by means 
of a fine hair. As would be expected, the degree of the reaction 
was, in a general way, directly correlated with the intensity of the 
stimulus. The least reaction which I was able to produce was ob- 
tained by the gentlest possible stimulation with the tip of a hair so 
delicate that it would scarcely~ of its own stiffness, pierce the surface 
film of the water. This reaction consisted in the longitudinal con- 

Fig.' 12. 

i , 

a b e d 

traction o.f a narrow zone of the tentacle at the point of stimulation. 
(See the diagram, Fig. 12, a.) The length of the contracted zone was 
one and one-half times, or perhaps in some eases twice, the dia- 
meter of the same region. There was no circular contraction within 
this region. The amount of the contraction was sufficient to cause 
a perceptible decrease in the length of the tentacle. The contraction 
was further evidenced by the diminished translucency of the ecto- 
derm and the greater density and darker color of the entoderm 
within the zone of reaction. The zone of contraction was not sharply 
defined, but faded out gradually in both the proximal and distal 
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direetions. Sometimes the degree of contraction was not uniform 
upon all sides of the zone and a slight bending of the tentacle, either 
toward or away from the stimulated side, resulted. 

A second type of reaction to gentle stimulation consisted in a 
more extensive longitudinal contraction which, however, was con- 
fined to that part of the tentacle lying on the proximal side of the 
point of stimulation. ~Not only was there no circular contraction 
of the shortened region, but the shortening was attended by a 
compensatory increase in diameter. (See Fig. 12, b.) I should con- 
sider it hardly safe to state that this second type of reaction re- 
presents the response to a stronger stimulus than the first and less 
extensive reaction. In the first place I had no means of accurately 
measuring the relative intensities of the very gentle stimuli. In the 
second place, experiments to be described later made it perfectly 
clear that the physiological condition of the animals varied in such 
a way that stimuli of approximately the same value would at different 
times produce exactly opposite effects. However it occasionally hap- 
pened that when a first stimulation had caused merely the local 
zone of contraction, the repetition, as nearly as possible, of the 
same stimulus immediately after recovery from the first would pro- 
duce reaction of the second type. In the work with stronger stimula- 
tion it became quite evident that t he  second or third application of 
a stimulus at intervals just long enough to admit of recovery between 
stimuli might be followed by a stronger reaction than the first ap- 
plication, although it was not always so. I therefore think it probable 
that, other conditions being equal, reactions of the second type 
which I have described represent the response to a slightly stronger 
stimulus than those of the first type. 

A third form of reaction consists in a one-sided loeal eontraction 
at the region of stimulation, resulting in a sharp bending of the ten- 
taele either toward or away from the stimulated side (Fig. 12, c and 
d). The bending never to any great extent deviated from the plane 
determined by the axis of the tentacle and the point of stimulation. 
It will be convenient to speak of the bend toward the stimulated 
side as the positive reaction, and the bend in the opposite direction 
as the negative reaction. The negative reaction varied from a very 
slight bend to a bend of nearly ninety degress. The range of varia- 
tion in the extent of the positive reaction was still greater, the ten- 
tacle sometimes bending only slightly (Fig. 12, c and d), sometimes 
becoming sharply doubled at the point of contact (Fig. 13, a). Often 
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in the positive reaction the tentacle coiled around the stimulating 
object. It appeared as if this might be due to the fact that, as the 
tentacle bent, points of it successively more remote from the point 
first touched were brought into contact with the object, thus result- 
ing in stimulation of a series of points all on the same side of the 
tentacle. It was usually difficult to determine whether the bending 
was accompanied by any longitudinal contraction. In some cases 
there was some longitudinal contraction on the proximal side of the 
point of stimulation, as if a reaction of the second type had been 
combined with the bending. In other cases there appeared to be 
more or less longitudinal contraction throughout the entire length of the 
tentacle. Occasionally the first application of a gentle stimulus would 
give a reaction of the first type (Fig. 12, a) and a repetition of the 

Fig. 13. 

stimulus immediately after recovery from the first would produce 
this bendin~ reaction. 

A fourth type of reaction involved, in addition to a sharp positive 
bending at the point of contact, a curving of such portion of the 
tentacle as lay on the proximal~side of the point of contact. The 
curvature invariably took place in a plane passing thru the mouth, and 
the concavity of the curve was always toward the mouth. Conse- 
quently the stimulated point was always carried, over toward the 
mouth. This result followed no matter where the tentacle was 
stimulated. There was slight, if any, shortening of that part of the 
tentacle which curved toward the mouth. Fig. 137 a to e, shows 
forms assumed by a tentacle in this reaction, varying according to 
where the stimulus is applied. The arrow in each case indicates 
the stimulated point. In a the stimulus is applied on the side away 
from the mouth. The result is a sharp bend at the point of contact 
away from the mouth, and from the point of contact downward a 
curving toward the mouth. When the stimulated point lies ninety 
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degrees from the radial plane of the animal passing thru the axis 
of the tentacle, the plane of the bend at the point of contact is per- 
pendicular to the radial plane, while the curvature below that point 
lies, as always, in the radial plane. (See Fig. 13~ b, in which the 
distal portion of the tentacle is supposed to  be viewed tip foremost.) 
When the point stimulated is on the side toward the mouth (Fig. 13, c), 
the bend at the point of contact and the curve below it lie in the 
same plane and the resulting concavity is all off the same side of 
the tentacle. With some coiling of the tentacle around the stimulat- 
ing object, a form like that shown in d may result. When the stimulus 
is applied at the very tip of the tentacle, the result is simply the 
curving of the entire tentacle over toward the mouth (Fig. 13, e). 
Sometimes the tip of the tentacle appeared to be much less sensitive 
than other regions. It could be hit vigorously with the needle and 
yet the tentacle would not contract. At the tip of the tentacle mucus 
is particulary abundant and very sticky. Usually when the tip was 
touched with a needle it adhered so that in removing the needle the 
tentacle was more or less strongly pulled. Yet this often happened 
without causing any reaction of the tentacle, when a touch upon 
the side wall of it would produce a vigorous response. At other 
times the tip appeared to be quite as sensitive as any other part. 
I suspect that the sensibility of the tip may be more or less inter- 
fered with by the accumulation of mucus. 

Obviously, in this type of reaction a'variety of other forms may 
be assumed, all involving two factors. One of them, the curving of 
a proximal portion of the tentacle toward the mouth, is constant so 
far as the plane of that curvature is concerned, and the other, the 
bend at the point of contact, varies with the position of the stimu- 
lated point. The two parts of this reaction are~ to a degree, in- 
dependent of each other. The bending at the point of contact may 
take place without the curving toward the mouth. In a given ani- 
mal at a given time r weaker stimuli produce only the positive bend- 
ing at the point of contact, while stronger stimuli cause both the 
bending at the point of contact and the curving toward the mouth. 
Further, the two parts of the reaction are slightly separated in time. 
In an active polyp the positive bending takes place at the iustant 
of contact, but there is often an appreciable interval between the 
bending at the point of contact and the beginning of the curving 
toward the mouth. There is a distinction, too, in that the bending 
is a quick movement and the curving toward the mouth is a corn- 
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paratively slow movement. It is a noteworthy fact that the curving 
of the proximal portion of the tentacle toward the mouth is always 
associated with the positive reaction at the point of contact, but 
never, according to my observations, with the negative reaction. This 
type of reaction is the normal reaction which a hungry polyp gives 
when an object suitable for food strikes a tentacle. I shall here- 
after refer to it as the feeding reaction. 

An extreme type of reaction, caused by excessively vigorous 
stimulation or by rapid repetition of weaker stimuli, consists in a 
sharp longitudinal contraction of the entire tentacle so that it is 
shortened down to the disc. D~pending upon the strength of the 
stimulus and the responsiveness of the animal, the contraction may 
extend to neighboring tentacles or it may involve all the tentacles, 
being then accompanied by invagination of the disc and more or 
less contraction of the column. The opposite extreme of reaction is 
sometimes shown by a tentacle which has been stimulated many 
times in rapid succession, in that it does not respond at all. Ap- 
parently, too, there is a certain physiological condition of the animal, 
not necessarily dependent upon previous experimental stimulation, 
in which there may be total failure to give any visible response to 
a tactile stimulus. 

V a r i a b i l i t y  of  the  R e a c t i o n s .  

In the experiments with tactile stimulation it early became ap- 
parent that stimuli of practically the same value might produce very 
different or quite opposite reactions. The matter of the variability 
of the reactions has no close bearing upon the main purpose of this 
work. However, incidentally and otherwise, I gained some informa- 
tion on the matter, which may most conveniently be recorded here. 

In the first place, the animals varied from a condition of slug- 
gishness to one of great susceptibility. In the former condition the 
reaction time was longer and the reactions were quantitatively weak 
- - t h a t  is, a bending reaction, for example, would involve a bend 
thru only a comparatively small angle. In the latter condition the 
reactions were much more prompt, and quantitatively strong. Com- 
paring animals in the extremes of the two conditions, I found that 
stimuli of approximately the same value might produce, not merely 
reactions of the same type differing in intensity, but reactions of 
quite different types. Thus, the very gentle stimulus which, in a slug- 
gish animal, might regularly result in reactions of the first or second 
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types (Fig. 12, a and b) would, in another animal, produce the char- 
acteristic feeding reaction (Fig. 13). In fact, I frequently found in- 
dividuals so active and responsive that I was unable to get reactions 
of the first and second types, because the least stimulus that I was 
able to administer regularly called forth the whole feeding reaction. 
This variability was found to exist amongst different individuals in 
the same aquarium at the same time, and in the same individual at 
different times. 

A second factor which introduced variation into the reactions 
lay in the existence of two opposed physiological states which seem- 
ed to be largely or entirely independent of the opposed conditions 
of sluggishness and activity. In the one of these two states the 
animal regularly gave the negative bending reaction (Fig. 12, d) to 
stimuli on the side of the tentacle, while in the other state it regularly 
gave the positive bending reaction (Fig. 12, c). In the latter case the 
positive bending might or might not be accompanied by the curving 
of the proximal portion of the tentacle toward the mouth. In a 
certain animal at a certain time, weaker stimulation would cause 
merely the positive bending at the point of contact, while stronger 
stimulation would cause the entire feeding reaction. An individual 
whose condition is indicated by the negative reaction to tactile 
stimulation ordinarily refuses food, while the animal in the positive 
condition regularly takes food. In either the positive or the nega- 
tive condition the animal may be either susceptible or sluggish. 
However, I have never observed so high a degree of susceptibility 
in the negative condition of the animals as commonly exists in the 
positive condition. 

I at first thought that the quality of the water, particularly as 
regards oxygen content, might be an important factor in the varying 
conditions, for I observed in some instances that animals, having 
been left undisturbed over night in water which had not been changed 
for twenty-four hours, showed themselves, when first tested in the 
morning, negative and somewhat sluggish, but that upon the water 
being replaced by well aerated water they became positive. However, 
I subsequently found that animals in distinctly stale water were quite 
as likely to be positive and very responsive, while in well aerated 
water the negative condition often appeared. 

An idea of the extreme and perplexing variability in the be- 
havior of the tentacles may best be given by describing in detail a 
few typical series of experiments. 
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Case 1. An animal which had been undisturbed over night was 
found in the morning in a well expanded condition. A gentle stimulus 
was applied with a needle point to the side of a tentacle. The tentacle 
gave the positive bending reaction but did not curve toward the mouth. 
Two or three seconds later, the tentaele having recovered from the first 
stimulus, a second stimulus of as nearly as possible the same value was 
applied to the same tentacle. The negative bending reaction followed. 

Case 2. The animal had not been disturbed in any way for at 
least eighteen hours. It was well expanded. With point of needle, 
a fully extended tentacle was gently touched upon the side. The 
negative reaction followed. As soon as the tentacle had recovered 
it was touehed again in the same way and at as nearly as possible 
the same plaee. The characteristic feeding reac t ion- - tha t  is, the 
positive bending at point of contact and the curving of the proximal 
portion of the tentacle toward the mouth-- fo l lowed promptly and 
strongly. Then for about five minutes stimuli were applied in rapid 
succession to different tentacles all over the disc. They reacted with 
great irregularity, sometimes with the negative bending, sometimes 
with only the positive bending, and again with the entire feeding 
reaetion, some tentaeles doing one thing and some another. The 
animal was allowed to rest for five minutes. Then twenty stimuli 
were applied in rapid succession to different tentacles all over the 
disc. Every one of the twenty stimuli was followed promptly by a 
vigorous feeding reaction. The animal was now left undisturbed for 
about fifteen minutes. At the end of that time it was found to be 
in the positive condition. Testing tentacles all over the dise, the 
feeding reaction followed regularly. I then brushed the needle across 
all the tentacles, eausing the animal to contract tightly. Ten min- 
utes later it was again well expanded. Then for one minute the 
stimulation of tentacles in rapid succession all over the disc gave 
without exception the negative reaction. At the end of this minute 
of rapid stimulation the entire animal again tightly contracted. This 
time it remained contracted only three minutes, after which, during 
one minute of rapid testing of tentacles all over the disc, it gave 
regularly the characteristic feeding reaction. 

It is a noteworthy fact that the general external conditions sur- 
rounding the animal at the beginning of this experiment appeared 
to be like those in Case 1. Yet the responses to the first two stim- 
ulations in Case 2 were respectively the opposites of the responses 
to the first two stimulations in Case 1. 
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Case 3. This animal, like that in Case 2, had not been disturb- 
ed for eighteen hours. The two animals had undergone the same 
treatment also as regards changing the water. Tests at frequent 
intervals for about one hour gave regularly the characteristic feeding 
reaction. Then the reactions became less prompt and weaker, often 
only the positive bending at the point of contact occurring, without 
the curving toward the mouth. After several minutes of this weakly 
positive condition, the animal abruptly passed over into a weakly 
negative condition. It was thereupon allowed five minutes' rest, after 
which it again gave the feeding reaction, altho not very strongly. 
It was then left undisturbed for fifteen minutes. The first tentacle 
touched gave a faint negative reaction. Immediately upon recovery 
a second stimulation of the same tentacle gave a weak positive re- 
action. I thereupon proceeded to testing tentacles all over the disc 
and during three minutes of rapid stimulation I got either the nega- 
tive bending, or merely the local zone of longitudinal contraction 
(Fig. 12, a), or no response at all; but not in a single instance did I 
get a positive reaction. Then, in the very midst of this ordeal of 
continuous stimulation, and for no apparent reason, the animal ab- 
ruptly reversed its reactions and every one of the next ten tests, 
applied to tentacles at various points over the disc, gave promptly 
and strongly the feeding reaction. 

Case 4. A large animal was transferred from its aquarium to a 
watch glass of well aerated water. It was left there one hour and 
at the end of that time was found to be attached and well expanded. 
The animal appeared to be in an active condition. The tentacles 
were spontaneously waving about in their characteristic fashion. Dur- 
ing the following hour, except for an occasional respite of one to 
four minutes for the writing of notes, tentacles were tested in rapid 
succession. Stronger stimuli gave the negative bending, weaker 
stimuli gave merely the local (Fig. 12, a), or the more extensive 
(Fig. 12, b) longitudinal contractions, which I have described as the 
reactions of the first and second types respectively. Then, in the 
midst of this process of almost continuous testing, so far without 
any positive reaction, abruptly a positive response appeared. Altho 
I had no way of marking individual tentacles, there can be little 
doubt that the tentacle which gave this first positive reaction must 
have been tested several times before in the course of the hour. 
This first positive reaction consisted in only the bending at the 
stimulated point, without the curving toward the mouth. After recov- 
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ery - -  less than two seconds later - -  the same tentacle was stim- 
ulated again and the positive bending again resulted. Upon recovery 
from the second stimulus a third was applied. The tentacle did not 
respond at all. The stimulus was repeated three or four times in 
rapid succession and still with no response. Thereupon the strength 
of the stimulus was increased and then, for the third time, the ten- 
tacle gave the positive reaction. Immediately a neighboring tentacle 
was stimulated and it gave the negative reaction. 

Excised tentacles respond to tactile stimulation. The reaction 
to a gentle stimuhis is invariably~ so far as my observations have 
gone, a contraction sharply localized about the point of contact, result- 
ing in a bending of the tentacle at that point toward the stimulated 
side. That is, the reaction is essentially like what I have called 
the positive bending reaction in the normal tentacle. I have not 
observed in the excised tentacle anything corresponding to the curv- 
ing over toward the mouth which characterizes the complete feeding 
reaction of a normal tentacle. Nor have I seen the occurrence of 
merely the local zone of contraction (Fig. 12, a), or of the contrac- 
tion of merely that part of the tentacle proximal to the point of con- 
tact (Fig. 12 7 b). The chronic contraction of the excised tentacle 
would at least obscure the two reactions last mentioned, if it did 
not entirely prevent them. The negative bending at the point of 
contact I have never seen in an excised tentacle. I obtained the 
positive bending reaction from tentacles as long as five days after 
excision. 

Summary of the Experiments. Comparisons between Sagartia and other 
Actinians. 

A t t a c h e d  T e n t a c l e s .  The immediate result of excising a 
segment of tentacle is more or less contraction of the remnant and 
of neighboring parts. Depending upon whether a smaller or a larger 
segment of a tentacle is excised, or whether segments are removed 
from several tentacles at once, the degree of the resulting contrac- 
tion varies from almost nothing to the maximum possible contraction 
of the whole polyp. At the first instant when the cut tcntacle~ after 
contraction, emerges into view, or immediately after cutting in those 
relatively infrequent cases where the cut tentacle is not temporarily 
hidden, the distal end of the wounded tentacle is found to be tightly 
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closed by a strong muscular sphincter, which occasions a prominent 
nipple-shaped projection at the center of the closed end, this end, 
when the tentacle is well extended, being otherwise hemispherical. 
The definitive structural closure of the cut end is effected by a re- 
adjustment which takes place within the layers of the tentacle wall 
in such a way that a certain zone of the nearly cylindrical side 
wall adjacent to the plane of transection is re-formed into a hemi- 
spherical terminal wall. This readjustment completes itself from the 
region of the base of the nipple progressively distalwards. As it 
becomes complete, the muscle fibers in the corresponding region of 
the nipple relax. Consequently, as the process of definitive closure 
proceeds, the nipple shortens from its base outwards. The potential 
opening at the tip of the nipple becomes closed by fusion of the cut 
edges of corresponding layers. The final completion of the process 
is marked by full relaxation of the last distal remnant of the nipple- 
forming sphincter, leaving the end perfectly closed by means of a 
smoothly hemispherical wall in which ectoderm and entoderm appear 
in normal thickness and relations. These readjustments require some 
six to eight hours for their completion. They do not involve the 
formation of new tissue. 

The two components of the closing process, namely, the muscular 
contraction which forms the nipple, and the readjustment within the 
tentacle tissues, are independent of one another and separable. By 
use of an appropriate paralyzing agent the formation of the nipple 
may be entirely prevented. In the absence of the nipple the pro- 
cess of readjustment appears as a slow, steady, centripetal extension 
of the tentacle wall at the cut end, the orifice becoming accordingly 
diminished and eventually completely closed. The length of time 
required for complete closure of the tentacle in the paralyzed animal 
corresponds closely to the period within which the nipple sphincter 
is operative in a polyp which is not paralyzed. 

The closing of a wounded tentacle in  Sagartia, therefore, takes 
place in essentially the same way as in the enormously larger ac- 
tinian, Condylactis passiflora. In the case of Condylactis, I distin- 
guished three phases in the wound-closing process. The first of 
these consisted in a slight inbending of the cut edges of the tentacle 
wall immediately after the cutting. This inbending of the cut edge 
of a thin wall has been frequently observed in actinians and in other 
coelenterates. It has been commonly regarded as the direct mechani- 
cal result of some inequality of tension in the layers of which the 
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wall is composed. Whether this view of the matter is correct remains 
to be proved. In Sagartia I did not observe this immediate inbend- 
ing of the edge at the distal cut end of an attached tentacle stump 
for the sufficient reason that, in those cases where the cut tentacle 
remained in view, the nipple formed instantly. The nipple having 
only a potential lumen, no inbending of the cut edge is possible. In 
the operations on excised tentacles more or less inbending of cut ed- 
ges, immediately or very soon after cutting, was noted. In the case 
of the distal end of an attached stump there dohbtless exists a ten- 
dency for the cut edge to bend inward, but the effect is obscured 
or prevented by the immediate formation of the nipple. The remain- 
ing two phases of the wound-closing process in Condylactis cor- 
respond exactly to the two phases of the process in Sagartia, the 
one being the temporary muscular control of the cut end, the other 
consisting in the structural readjustments which effect permanent 
closure. Exactly this same method of closing a wounded tentacle 
was observed in some large Bermuda actinians which were some- 
what doubtfully identified as a species of Aiptasia. I may add that 
I have had opportunity of witnessing some of W. M. CttESTER'S ex- 
periments upon Metridium, and this actinian also shows essentially 
these same reactions to the cutting of tentacles. 

I first observed these reactions in Condylactis, which is an ac- 
tinian of extraordinarily large size. The specimens supposed to be 
of Aiptasia, while no larger than our common Metridizem, had ten- 
tacles many times larger than those of Metridium. It seemed to me 
not unlikely, therefore, that the temporary muscular closure of the 
cut end of a tentacle might be an adaptation to the large size of 
the tentacle, serving to prevent loss of the gastro-vascular fluid and 
to maintain internal pressure, as well as to facilitate, by reducing 
the orifice, the permanent structural closure. 

The demonstration of the same method of closure in tentacles so 
small as those of Sagartia indicates that the peculiarities of the process 
are not associated with the factor of size. It may well be that even 
in actinians so small as Sagartia the temporary muscular control of 
the cut end of a tentacle is advantageous in preventing escape of 
fluid and in maintaining internal pressure, just as I have suggested 
that it may be in the larger forms. The experiments have shown, 
however, that in Sagartia the permanent structural closure takes place 
very readily in the absence of muscular activity and apparently quite 
independently of it. 
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E x c i s e d  T e n t a c l e s :  D i s t a l  Ends .  As regards behavior at 
the distal cut end of a detached fragment of tentacle, Sagartia proves 
to be somewhat unlike Co~dylactis, altho the difference is perhaps 
one of degree only. In Condylactis the distal cut end of an excised 
segment of tentacle behaved as nearly as possible, under the altered 
circumstances, like the cut end of an attached stump. A zone of 
contraction appeared at the cut end, often assuming more or less 
distinctly the form of a nipple, and persisted for some twenty-four 
hours or until the structural closure of the cut end had taken place. 
The conditions wherein the excised fragment differs most conspicuously 
from the normal tentacle consist in its persistent partial contraction 
and in its lack of internal fluid pressure. The inability of the ex- 
cised fragment to attain its full extension renders the contraction at 
its distal end relatively less conspicuous than the nipple on an at- 
tached stump. In the ease of Sagartia, however, the muscular con- 
traction at the distal cut ends of excised fragments of tentacles was 
much less constant in its occurrence, much less sharply marked, and 
of less duration than the nipple-forming contraction at the distal end 
of an attached stump. In the attached stump the nipple invariably 
appeared. In roughly one-fourth the observed cases of excised pieces, 
the distal ends did not assume nipple-like form. In the attached 
stump the nipple was always sharply defined, being only slightly 
variable in length, and it closed the cut end tightly. In the excised 
pieces the distal contraction was only rarely sharply defined, invol- 
ving quite variable lengths of the tentacle wall, and it never sufficed 
to close tightly the cut end. In the attached stump the nipple en- 
dured persistently, except during the contraction phases of the ten- 
tacle, until the structural closure had been effected - -  that is, for 
some six to eight hours - -  only diminishing in length as the structural 
closure progressed. In the excised pieces nipple-like forms at distal 
ends occurred only within the first half hour after the cutting, and 
even within that period such forms were usually not continuously 
present. It has been stated above that the nipple in the excised 
fragment of Condylactis tentacle is rendered less prominent by the 
persistent partial contraction of the fragment. In so small a tentacle 
as that of Sagartia the general contraction of the excised part would, 
much more so than in the larger tentacle, make the nipple appear less 
conspicuous. The fact is that the muscular contraction at a distal cut 
end in Sagartia is not merely relatively less conspicuous in the excised 
fragment than in the attached stump; it is absolutely less sharply marked. 

13. 
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E x c i s e d  T e n t a c l e s :  P r o x i m a l  Ends.  At proximal cut 
ends of Sagartia tentacles the wound-closing behavior appeared to be 
in no way affected by conditions at the distal ends. Further, the 
behavior at proximal cut ends was not conspicuously unlike the be- 
havior at distal cut ends of excised segments. While in many cases 
the two cut ends resulting from the bisection of an excised tentacle 
were so unlike as to suggest a definite polarity, yet not infrequently 
a proximal end would assume a form almost, if not quite, as nipple- 
like as anything seen at the distal cut ends of excised segments. 
I have the impression that distal ends of excised fragments have a 
somewhat greater tendency than the proximal ends to assume the 
nipple form. But within the first half hour after cutting, the varia- 
bility in the form of ends is so great and the form at any particular 
cut end is so changeable that precise statistical data would be dif- 
ficult to get. After the first half hour this variability in the form of 
cut ends, both proximal and distal, disappears, and the form of any 
particular end becomes constant except for such slight changes as 
may attend the ordinary general contractions and expansions of the 
fragment, and except for the gradual closure of the orifice. From 
the first half hour on, therefore, proximal and distal cut ends of ex- 
cised segments arc uniformly alike. 

Comparing Condylactis and Sagartia there is a striking difference 
in the behavior of proximal cut ends. In Condylactis a proximal 
cut end shows not the least tendency toward the nipple form. (An 
occasional exception is to be seen in very short segments from the 
extreme distal region of a tentacle.) It remains broadly open and 
the cut edge curls and wrinkles sharply inward. These conditions 
obtain without marked change ibr a day or two, or until the frag- 
ment undergoes dissolution. In Condylactis, therefore, a very distinct 
polarity is exhibited in the behavior of proximal and distal cut ends 
of excised parts of a tentacle. In Sagartia such polarity is weakly 
and inconstantly exhibited. 

R e a c t i o n s  to T a c t i l e  S t i m u l a t i o n .  The reactions of ten- 
tacles to tactile stimulation were examined with reference to the 
question of polarity. This study brought to light a variety of motor 
responses varying from a slight longitudinal contraction sharply 
localized at the level of the stimulated point, to the maximum con- 
traction of the entire polyp. The type and the degree of the re- 
sponse were, in general, correlated with the intensity of the stimulus, 
other conditions remaining the same. But the response to any partic- 
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ular stimulus was rendered unpredictable by certain varying factors 
which could not be discovered as residing in the environment and 
which must be assumed, I believe, to be within the animal itself 
varying ,physiological states,. Two pairs of opposed physiological 
states were recognized. One pair consisted, upon the one hand, of 
a condition of susceptibility, and, upon the other, of a condition of 
sluggishness. In the former condition the responses to a stimulus of 
particular intensity were of a more extreme type and were executed 
with more promptness and vigor than in the latter condition. The 
opposed physiological states constituting the other pair are indicated 
respectively by flexures toward (positive) and away from (negative) 
the stimulated side, the intensity of the stimulus remaining the same. 
As described above in detail, other differences in the reactions are 
correlated with the positive and negative flexures. Animals while 
under experimentation frequently passed abruptly, and for no obvious 
reasons, from the positive to the negative condition, or vice versa. 

Organization. 
It would be exceedingly presumptuous to attempt any far-going 

discussion of actinian organization in the light of our present know- 
ledge. But suggestions on certain points may be ventured~ based 
partly upon the simple experiments which I have carried out. It 
must be remembered that the following discussion is from the point 
of view set forth in my paper of 1912. To quote, ,In our approach 
toward the problem of organization, a step of the utmost importance 
will have been gained when we have so far analyzed developmental 
[and all other organic] operations that each component process may 
be positively identified as the function of a structural unit corre- 
sponding to an organization of a certain grade . . . .  We m u s t . . .  
determine, for each truly physiological developmental event, its value 
or position in the scale of organizations, (page 852). 

In four genera of aetinians the process of dosing the cut end 
of a tentacle has been found to be essentially the same. Quite likely 
this manner of closing a wounded tentacle may be found to be of 
general occurrence amongst actinians. In all the cases observed, the 
closing process as normally carried out involved two entirely distinct 
sets of activities. One was the formation of the distal muscular 
sphincter, the other consists in those structural readjustments which 
effect permanent closure. Of these two sets of activities the latter 
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is the essential one, for the closure may be effected in the absence 
of the sphincter. 

Now the question arises as to what units of organization are 
operative in these activities. The centripetal movement of the layers 
of the tentacle wall, whereby the orifice is closed, is not conceivably 
due to the activities of epithelial cells acting as individuals and in 
an entirely uncoSrdinated way. During the closing process there is 
no sign of disorganization of tissues in the region of the cut edges 
of the epithelial layers. From first to last the cells act in unison. 
The closure is effeeted by two congeries of cells, the ectoderm and 
the entoderm, the cells of each being perfeetly coordinated in their 
activities. It is just such unity of action and just such eoSrdination 
that constitute the organization of cells into tissues. To what extent 
the ectoderm and the entoderm may be correlated with one another 
in these wound-closing activities can hardly be said. But we know 
that in other animals either epithelium may repair damages in- 
dependently of the other. In the earthworm, for example, the epi- 
dermis readily closes over a wounded surface quite irrespective of 
any events in the entoderm. It seems to me quite likely that in 
these aetinians there is no necessary relation between the wound- 
closing activities of the two epithelia further than that each executes 
its centripetal movement upon a surface afforded by the other. (Exam- 
ination of sections of recently dosed tentacle ends shows either no 
distinguishable mesogloea or merely the thinnest possible layer of it 
in the newly formed end wall.) 

Granting that the wound reparation involves organization higher 
than that of cells as such, may we not discover in the process of 
structural closure peculiarities which indicate that organic units higher 
than tissues are concerned? The entire tentacle, possessing, as it 
does, distinctive form and functions, is an organ (tho of simple type} 
and therefore represents an organization of higher grade than that of 
the tissues of which it is composed. Does the behavior of the ten- 
tacle epithelia involve anything that represents an organ, the ten- 
taele; or even an organization of yet higher grade, the aetinian as 
a whole, the individual? It was with this question in mind that I 
studied the behavior of excised fragments of tentacles. The exper- 
iments have shown that in excised fragments, even very small ones, 
the centripetal closure of a cut end takes place in precisely the same 
way that it does at the distal end of an attached tentacle stump. 
It is obvious that neither the tentacle as a whole nor the actinian 
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as a whole participates in any immediate and active way in the 
process of structural closure. Nevertheless it is conceivable that 
there mig'ht he something in the closing process indicating a relation 
to the tentacle as a whole or to the whole actinian. But I have not 
observed anything that could be so interpreted. The closure of a 
distal end takes place not in such a way as to restore immediately 
the distinctive tapering form of the entire tentacle. The newly closed 
end has a form very unlike the normal distal end of a tentacle. The 
mere fact of closure of distal ends can not be regarded as having 
any relation to the fact that the normal tentacle is a tube with distal 
end closed, for it is characteristic of epithelia in general to form 
continuous sheets, unperforated except where their relations to organs 
or higher organic complexes require perforation. 

In the experiments upon the large Condylactis the behavior of 
excised segments of tentacles did at first suggest very strongly a 
relation of the excised part to the whole tentacle, if not, indeed, to 
the whole organism. In Condylactis t he  d i s t a l  ends  of e x c i s e d  
s e g m e n t s  c losed ,  but  the  p r o x i m a l  ends  i n v a r i a b l y  re- 
m a i n e d  open. This was not due to difference in diameter, for of 
the two cut ends resulting from the same transection, the distal end 
of the proximal segment closed and the proximal end of the distal 
segment remained open. This difference in the behavior of proximal 
and distal cut ends might conceivably have a relation to the fact 
that the normal tentacle is closed at its distal end and open at its 
proximal end. We might well suppose that these two morphological 
features are somehow impressed upon, or resident throughout, the ten- 
tacle epithelia, with the result that any fragment of the tentacle will 
restore within itself these features. Indeed, it is by no means im- 
possible that the fragment of Condylactis tentacle, open at one end 
and closed at the other, is repeating, so far as it can, the form of 
the entire actinian, or at least a primitive gastrnla form out of which 
the actinian form has presumably been derived. This was one of 
the questions that led me to turn from Condylactis to an actinian 
having much smaller tentacles. In Sagartia, except for minor differ- 
ences in the neuro-muscular activities at the two ends, proximal ends 
become structurally 'closed precisely like distal ends. At least in 
Sagartia, then, the closing of the ends of an excised segment of 
tentacle has no relation to the form of the tentacle as a whole, and 
certainly none to the organism as a whole. But what is the meaning 
of the difference between Condylactis and Sagartia? I believe that 
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the proximal end of the Uondylactis tentacle fails to close simply 
because of the absence of muscular contraction such as forms the 
nipple at a distal end. In the nipple the orifice is reduced to 
practically nothing and the opposite cut edges are brought into close 
proximity. A comparatively small amount of positional readjustment 
within the epithelia of ' the tentacle wall serves to close the end. At 
a proximal end, in spite of a sharp inbendiug of the cut edge, the 
lumen of the  tentacle remains broadly open. The diameter of the 
orifice is many times the thickness of the wall. It is evidently too 
great a space to be crossed by the epithelial layers. But in the 
much smaller ~agartia tentacle, even in the absence of any muscular 
contraction, the epithelia readily close centripetally across the com- 
paratively narrow orifice. A proximal end closes as readily as a 
distal end, and the distal end of a paralyzed tentacle closes almost 
or quite as readily as when the terminal muscular sphincter is active. 
The study of Sagartia, therefore, has served to clear up these two 
points with reference to Condylactis: first, that the nipple is not an 
adaptation to tentacles of large size; secondly, that the openness of 
proximal ends is of no morphological significance, being probably 
due merely to the fact that the lumen of the tentacle has so large 
a diameter. 

I t  is  f a i r l y  c e r t a i n ,  t h e r e f o r e ,  t h a t  the  s t r u c t u r a l  
c l o s u r e  of  the  w o u n d  is b r o u g h t  a b o u t  b y  t h e  e c t o d e r m a l  
and e n t o d e r m a l  e p i t h e l i a ,  a c t i n g  as such ,  i n d e p e n d e n t  o f  
o the r  t i s s u e s ,  and u n c o n t r o l l e d  by  a n y  o the r  o r g a n i c  units.  

We must next consider what units of organization are concerned 
in the temporary muscular control of the cut end. The immediate 
agent here is the neuro-muscular mechanism. The formation of the 
nipple is not due to the direct stimulation of muscle fibers at the 
cut surface of the tentacle. The following facts bear evidence to 
this. In a tentacle which is completely paralyzed, in the sense of 
giving no response to violent tactile stimulation, the region of a cut 
end shows a distinct contraction, which endures for only about a 
minute after the act of cutting. (See page 182.) It does not sub- 
sequently reappear. This briefly transitory contraction can hardly 
be explained otherwise than as due to direct stimulation of muscles 
at the cut surface. PARKER (1912), also, has observed direct stimula- 
tion of muscles in paralyzed aetinians. But the contraction which I 
have observed is longitudinal only; there is no perceptible circular 
contraction. This is what might be expected, for transection of a 
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tentacle would involve the direct stimulation of only those relatively 
few circular fibers which happened to cross the plane of cutting, 
while longitudinal fibers would be affected within a zone of the ten- 
tacle wall whose extent is measured by the length of a single fiber. 
SCHNEIDER (1902, page 575) finds in Hydra longitudinal muscle fibers 
nearly 0.5 ram. long. It is not unlikely that the length of the zone 
of contraction which appears at the cut end of a paralyzed tentacle 
of Sagartia (see Fig. 10) represents approximately the length of 
the longitudinal muscle fibers. The nipple, however, is due essentially 
to contraction of circular fibers. Further, the contraction caused by 
direct stimulation of muscles endures for only a minute. But the 
nipple controls the cut end for several or many hours. The fact 
that the nipple comes and goes with the expansion and con- 
traction of the tentacle stump is in itself sufficient evidence that the 
nipple is due to the action of neuro-muscular mechanism and not 
to direct stimulation of muscles. Still further, if the nipple were 
due to direct stimulation of muscles, there is no apparent reason 
why it should not be formed in excised but not paralyzed segments 
of tentacles precisely as upon an attached stump, nor is there reason 
why it should not appear equally well at both distal and proximal 
cut ends. As a matter of fact it is only in Condylactis that distal 
ends of excised segments form a definite nipple, while proximal 
ends show only slight tendency toward the nipple form, as in Sagartia, 
or usually none at all, as in Condylactis. 

Granting, then, that the nipple is immediately due to the action~ 
of the neuro-muscular tissue complex, we next meet the question as 
to whether this contraction that forms the nipple, in relation to a cut 
surface, depends upon properties inherent in such primitive neuro- 
muscular complexes in general, or whether, upon the other hand, it 
exhibits peculiarities which correspond to something higher in the 
scale of organization than mere tissue organization. Here we meet 
difficulties. Having selected for study an actinian because of its 
relatively simple organization, we are now embarrassed by the fact 
that it is at the same time so primitive that its muscular elements 
consist merely in processes of the cells of the two epithelia. Mor- 
phologically, the epithelium and its corresponding sheet of muscle 
processes can hardly be regarded as two distinct tissues. However, 
as the movements of the tentacles arc due to contractions of the 
muscle processes only, and not to contractions of the main bodies of 
the epithelial cells themselves, we may properly regard either layer 
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of muscle processes as physiologically a distinct tissue. For pur- 
poses of the present discussion, we may regard either system of 
epithelial muscle cells as presenting two aspects. Seen in the one, 
it is essentially an epithelium, its cells incidentally possessing con- 
tractile processes which, however, have nothing to do with the func- 
tion of the cell-system as an epithelium. Seen in the other aspect, 
it is essentially muscle tissue whose fibers, not being themselves 
complete cells, necessarily remain connected with the non-contractile 
epithelial cell bodies from which they grew out. Thus, there is a 
morphological overlapping or telescoping of two tissues which are 
sufficiently distinct physiologically. This overlapping arises from the 
fact that primitively all vital functions inhere in a common proto- 
plasm. The actinian is still far short of having emancipated itself 
from that primitive condition. 

The sheet of muscle fibers, together with the nervous elements 
therewith connected, constitutes what I have spoken of from time to 
time as the neuro-muscular tissue complex. The nervous elements 
by themselves may be regarded as a distinct tissue. :Now, the func- 
tions which in strict sense are the mere t i s s u e  f u n c t i o n s  of this 
neuro-muscular complex are, first, the c o n d u c t i o n  of nerve im- 
pulses by the nervous elements, and) secondly, the c o n t r a c t i o n  of 
the muscle elements, b u t  o n l y  so far  as th is  c o n d u c t i o n  and  
t h i s  c o n t r a c t i o n  a rc  u n r e s t r i c t e d  in d i r e c t i o n  and e x t e n t  
o f  p r o p a g a t i o n - - s p a t i a l l y  n o n - p o l a r i z e d ,  d e v o i d  of  any 
r e l a t i o n  to the  fo rm of o rgans  or  of  the  o r g a n i s m .  So far 
as these functions possess polarity, relations to form, or specific rela- 
tions to definite motor operations of the whole actinian or of certain 
of its parts, just so far do they exhibit the impress of organization 
higher than that of mere tissue. The neuro-museular activities in- 
volved in wound-closing might conceivably be of either sort. 

The experiments leave no doubt on this point. If  the formation 
of a muscular sphincter at a cut end were merely a local response 
of the tissues directly affected by the cut surface, and a response of 
the tissues as t i s s u e s ,  then we should rightly expect such a sphincter 
to appear invariably and in constant relation to the cut surface, no 
matter where or under what circumstances the cut surface might 
occur, provided only that a sufficient length of tentacle wall be pre- 
sent. There would be contraction indifferently and equidistantly in 
all directions from any cut edge. But the results of the experiments 
indicate otherwise. In Condylactis a nipple~ or at least a zone of 
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sharp contraction, invariably appears at a distal cut end, but never 
at a proximal end except occasionally that of a very short extremely 
distal segment of tentacle. The neuro-muscular mechanism is some- 
how differentiated or polarized with respect to this matter of forming 
sphincters at cut surfaces. Nor can it be a thing purely accidental 
in character and quite lacking significance that sphincters are formed 
at distal ends only, instead of being formed at proximal ends only. 
The distal nipple is certainly useful to the actinian; to form nipples 
at proximal ends could hardly have any significance for the organism. 
While, in the ordinary physiological sense, the sphincter formation 
is a function of the neuro-muscular tissues, it is at the same time, 
in a broader sense, a function of some organization higher than that of 
tissues. The sphincter is significant either in relation to the tentacle 
as a whole (an organ), or much more likely in relation to the whole 
aetinian, but it has no direct significance for the neuro-muscular tissue 
complex itself. 

In Sagartia the behavior at cut ends of excised fragments of 
tentacles was much less constant and less precise than in Condylactis. 
Nevertheless the conclusions which I have just based upon the be- 
havior of Condylactis are strengthened rather than weakened by the 
behavior of Sagartia. For in Sagartia sharply defined nipples ordinarily 
occur only at distal cut ends of attached tentacle stumps, while in 
excised segments of tentacles nipple formation is weak and inconstant. 
Clearly, then, it can not be merely a local tissue process. The im- 
mediate and active participation of something proximal to the ten- 
tacle itself is required for the prompt and efficient formation of the 
nipple in Sagartia. 

The reactions to tactile stimulation and the immediate responses 
to cutting likewise show abundant evidence of differentiation within 
the neuro-museular complex. When a tentacle is cut, the proximal 
segment undergoes immediate extreme contraction; the distal segment 
contracts little or not at all. In one type of response to tactile 
stimulation (Fig. 12, b) there is contraction only on the proximal 
side of the point of contact. These reactions express some polarity 
in the neuro-muscnlar complex. If  the reaction which I have de- 
signated as the positive bending at the point of contact (Fig. 12, c) 
were the invariable reaction of a tentacle to tactile stimulation, it 
might well be interpreted as purely a local tissue process. It might 
nevertheless subserve useful purposes to the actinian, for it would 
often result in the retention of objects of food by the tentacles, and 
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if the food happened to strike the oral side of the tentacle, the 
bending reaction would tend toward the introduction of food into 
the mouth. But the fact is that a tactile stimulus at a given point 
of the tentacle causes at one time a bend toward the stimulated side, 
and at another time a bend away from that side. These opposite 
reactions beyond doubt have relations to the general physiological 
condition of the aetinian as a whole, and determine the taking or 
refusing of food. Such reactions imply differentiation within the 
tissues concerned. Further, in what I have called the feeding re- 
action, the part of the tentacle proximal to the point of contact 
bends over toward the month, no matter which side of the tentacle 
has been stimulated -- a reaction admirably adapted to the securing 
of food. In this reaction there is polarity and there is specific rela- 
tion to the form and to the physiological economy of the organism 
as a whole. In the work upon Condylactis it was frequently noted 
that the stump of a tentacle, if of sufficient length~ was deeply in- 
serted into the gullet - -  actually swallowed - -  and retained there for 
a quarter of an hour or more. I f  I withdrew it from the mouth, it 
was usually reinserted. But not all stumps of tentacles exhibited 
this behavior, altho similarly wounded. As these stumps were al- 
ready closed by the nipple, the significance of this act is doubtful. 
But, whatever its meaning~ it expresses a definite relation of the 
tentacle to other parts of the aetinian. This behavior was not seen 
in Sagartia. 

The  n e u r o - m u s c u l a r  m e c h a n i s m  has  u n m i s t a k a b l y  
u n d e r g o n e  d i f f e r e n t i a t i o n s  r e p r e s e n t i n g  the i m p r e s s  upon  
i t  o f  o r g a n i z a t i o n  h i g h e r  t h a n  its own o r g a n i z a t i o n  as 
t i ssue .  I t  has become a veh i c l e  for  the e x p r e s s i o n  of  ac- 
t i v i t i e s  b e l o n g i n g  e s s e n t i a l l y  to an o r g a n  or  even  to the  
a n i m a l  as a whole .  

What is the meaning of the fact that in Condylactis sphincter 
formation in excised segments of tentacles is invariable, energetic, 
and sharply polarized as regards occurrence at proximal and distal 
cut ends~ while in Sagartia it is inconstant, weak, and at the most 
only slightly polarized? It seems to me highly probable that this 
difference is associated with the larger size of Condylactis. Granting 
that the closure of a cut tentacle by muscular contraction is of utility 
to the aetinian in the ways that I have suggested, it would certainly 
follow that the efficient closure of a wounded tentacle would be of 
greater functional importance to an actinian with large tentacles than 
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to one with small tentacles. Furthermore~ to close the lumen of a 
larger tentacle requires a greater degree of contraction of the cir- 
cular muscular elements in its wall than to close the lumen of a 
smaller tentacle. Therefore we may reasonably expect that this 
mechanism of nipple-forming contraction should be more strongly 
developed and more powerfully operative in larger tentacles than in 
smaller. We must remember also that the neuro-muscular arrange- 
ment in actinians is morphologically a diffuse one. There is no 
nervous centralization. The contraction which produces a nipple is 
not due to an impulse proceeding from some localized nerve center. 
Any region of the neuro-muscular tissue complex of the tentacle 
possesses within itself in greater or less degree the capacity for pro- 
ducing a nipple at a cut surface. And it is in this ,greater or less 
degrce~ that the difference between Condylactis and Sagartia comes 
in. In Condylactis the capacity for contraction is not only absolutely 
greater than in Sagartia~ to the extent demanded by the greater size 
of the tcntaclcs~ but it is also relatively more strongly developed 
because of its greater functional importance. The fact that in the 
excised segment of a Sagartia tentacle the nipple-forming contraction 
is inconstant, weak, and of comparatively brief duration, while the 
corresponding region of an attached tentacle stump invariably forms 
a strong distal sphincter which holds until permanent repair is com- 
pleted, indicates that the local capacity for nipple formation is strongly 
augmented by some effect received from more proximal regions. The 
shortest possible stump of a tentacle invariably forms a strong nipple. 
In this case the conditions responsible for the contraction must lie 
almost wholly within the regions of the actinian proximal to the base 
of the cut tentacle. And since long segments of Sagartia tentacles, 
including nearly the whole tentacle~ show only weak nipple-forming 
capacity when excised, it follows that the strong nipples formed on 
attached stumps are regularly due in large measure to effects trans- 
mitted from regions proximal to the injured tentacle. In Condylactis, 
however~ an excised segment of tentacle is able to form a strong 
distal sphincter. But this does not prove that the nipple formed 
at the distal end of the corresponding region of an attached stump 
is due entirely to conditions within the tentacle itself. In both the 
large actinians, Condylactis and Aiptasia, a strong nipple is formed 
on the shortest possible stump of a tentacle. (See RASP, 1909, Plate 1, 
Fig. 3.) The formation of the nipple in this situation is probably 
due~ in view of the conditions seen in Sagartia, to effects received 
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from regions proximal to the base of the tentacle. To what extent 
the nipple-forming capacity of longer tentacle stumps in Condylactis 
may be augmented from regions proximal to the tentacle, the exper- 
iments afford no means of determining. 

That the sphincter-forming mechanism should be sharply polarized 
with reference to proximal and distal ends in Condylactis and not 
so in Sagartia is consistent with the fact that the mechanism is more 
powerfully developed in Condylactis than in Sagartia. In both ae- 
tinians the sphincter-forming capacity exists in a diffuse or non-centralized 
way. In the weaker condition in which it exists in Sagartia, it mani- 
fests itself somewhat indifferently in either direction, or with only 
slight accentuation at distal cut ends. In its stronger condition in 
Condylaetis, it has become restricted to operation in a distal direc- 
tion, no longer expending itself uselessly at proximal ends. It is 
generally true of organic processes that as a function becomes strength- 
ened it likewise becomes specialized, spatially limited, restricted to 
the most advantageous field of operation. 

It has been noted that there is considerable variation in the 
forms assumed by cut ends of excised segments of Sagartia tentacles. 
It is s i g n i f i c a n t  t ha t  t he  n e u r o - m u s c u l a r  t i s s u e  c o m p l e x  
is d i r e c t l y  r e s p o n s i b l e  for  t h i s  v a r i a b i l i t y .  When the neuro- 
muscular elements are put out of action, all cut ends behave with 
mechanical uniformity. 

General Conclusions. 

The results of the experiments include only one reaction which 
may be interpreted as due to cells acting as uncoiirdinated indi- 
viduals. The longitudinal contraction which occurs in the region of 
the cut end of a paralyzed tentacle is fairly certainly due to direct 
stimulation of longitudinal muscle fibers by the cutting. Presumably 
each cut fiber contracts independently of any events in neighboring 
tissue elements. Within that zone of the tentacle wall occupied by 
the fibers which are cut, there are doubtless other fibers which are 
not cut. Whether or not these latter fibers also contract, it is im- 
possible to say. In any case, the general longitudinal contraction 
which takes place within a certain distance of the cut surface is 
essentially the aggregate effect of the simultaneous uncoSrdinated con- 
tractions of the cut muscle cells. 

The structural closure of cut ends of tentacles by readjustments 
within the epithelial layers of the tentacle wall is clearly a tissue 
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process. The epithelial cells are somehow co(irdinated, in the usual 
sense of that word, into a harmoniously working system. Wherein 
that coiJrdination consists or how it is brought about is quite another 
question. Is there immediately present some coordinating agent 
which dominates the behavior of individual cells and so determines 
their harmonious co~iperation? Or does the harmonious operation 
of the epithelial cell-system depend upon the existence of separate, 
essentially independent intraeellular mechanisms? In such case, that 
which we call coordination would consist merely in the synchronous 
action of numerous similar mechanisms which are both mutually and 
collectively independent. These two alternatives are discussed in 
my paper of 1912. 

While upon the one hand this epithelial closure of a wound in- 
volves the activities of cells eo(irdinated into tissues, upon the other 
hand it apparently does not bear the impress of any organization 
higher than that of the tissues. There is nothing in the process to 
indicate any relation to the tentacle as a whole or to the whole ac- 
tinian. There are no peculiarities in the process which are attribut- 
able to the fact that the epithelia are epithelia of a tentacle instead 
of some other part, or epithelia of an actinian instead of some other 
animal. In general, an epithelium will not tolerate a free edge. 
When such an edge arises, accidentally or otherwise, the epithelium 
extends until~ if possible, the free edge meets and unites with some 
other portion of the same layer or with another epithelium. The 
essential function of an epithelium is to cover a surface continuously. 

An organ, as ordinarily conceived of, is constituted of tissue, 
or tissues, elaborated into a physiological mechanism having a spe- 
cific form. In this sense, an actinian tentacle is an organ. It is an 
organ of very simple form and it is less definitely separated from 
other parts of the organism than are most of the more complex or- 
gans of higher animals. It has been shown that the neuro-muscular 
wound-closing reactions of the tentacle exhibit polarization, as seen 
in the formation of a strong sphincter so situated as to favor the 
restoration of the integrity of the tentacle, and serving to reduce to 
a minimum the disturbance to the organism as a whole. The motor 
responses to tactile stimulation likewise show that the neuro-muscular 
tissue complex must contain a variety of differentiations which bear 
relations to something outside of itself. These differentiations are 
doubtless seated in the nervous rather than in the muscular elements. 
The neuro-muscular complex as a whole is thereby raised above the 
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level of mere tissue throughout which capacity for conduction and con- 
traction are indifferently or homogeneously distributed. Embodying, 
as it must, mechanisms which are not essential to its existence as 
conducting and contracting tissue, it represents organization of at 
least the grade of an organ. But it falls short of our definition of 
an organ in that it lacks form. It is physiologically an organ; mor- 
phologically it is still diffuse. We can perhaps imagine the cells of 
the actinian nerve plexus to become aggregated and centralized into 
ganglia, the conducting elements to be gathered into definite nerve 
bundles. So would this potential organ acquire form, becoming an 
ideal, morphologically definite organ. 

There is a striking contrast between the tissue process, as we 
see it in the epithelial closure of the cut tentacle, and the neuro- 
muscular activities, in that the former is mechanically invariable, 
stereotyped, while the latter display much variability which is ap- 
parently not to be correlated with variations in conditions outside 
the organism itself. The unpredictable spontaneous movements of 
the tentacles (spontaneous in the sense of not being caused by ex- 
ternal stimulation), the variable reactions to tactile stimulation, and, 
especially in Sagartia, the irregularities in the behavior of cut ends 
of excited tentaeles~ all bespeak a heterogeneity which must be 
seated in the neuro-muscular mechanism. Tissues in general, and 
such organs as do not involve nervous elements, perform their stereo- 
typed r61es with mechanical inflexibility. As organization becomes 
more involved, complexity and variability of behavior are found to 
be attended by the elaboration of nervous tissue into nervous organs. 

The question as to the relation of the tentacle, as an organ, to 
the whole individual has already been partly answered. PARKER'S 
statement (1896, page 112) that in Metridium ,each tentacle has 
within itself a complete and independent nervous and muscular 
mechanism capable of carrying out normal responses,, I can not 
accept for the aetinians which I have studied. My experiments in- 
dicate that in various ways the normal condition and reactions of 
the tentacle depend upon its continuity with the rest of the actinian. 
The following facts seem significant. Excised tentacles remain per- 
sistcntly in a half contracted condition. Within that degree of con- 
traction they execute a variety of motor activities, but they never 
regain the full extension of an attached tentacle. This can not be 
due to the existence of a muscle tonus which in the attached ten- 
tacle is mechanically overcome by the fluid pressure within the ten- 
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tacle, for in the experiments with the larger aetinians excised ten- 
tacles were su~)jeeted to internal pressures greatly in excess of the 
normal internal pressure, and yet their chronic contraction was not 
overcome. Chronic contraction of the tentacle tissue is somehow in- 
hibited by the normal connection with the body of the aetinian. 
Further, so far as my observations have gone, excised tentacles ex- 
hibit only one reaction to tactile stimulation. That reaction consists 
simply in a bending at the point of contact and toward the stimulated 
side, corresponding to what I have called the positive reaction in a 
normal tentacle. The negative reaction, and reactions of the other 
types which I have described, I have never seen in an excised ten- 
tacle. This matter of the tactile reactions in excised tentacles de- 
serves more extended study than I have given it, but upon the basis 
of what I have seen, I can not assert that the excised tentacle is 
capable of all the motor reactions of a normal tentacle. 

From the study of Condylactis (1909, page 218), I concluded that 
the reparative responses of the tentacles ,are potentially of local 
character. They are not necessarily dependent upon the organism 
as a whole individual, but they may be initiated and carried out by 
the tentacle tissues in the near vicinity of the plane of cutting,. 
This statement is literally true for Sagartia, but with great stress on 
the ,potentially,, the ,not necessarily,, and the ,may be,  of the 
original statement. It is indeed true that the processes for which 
the epithelial tissues, as such, are responsible, are carried out in 
the excised tentacle precisely as in the attached tentacle. It is true 
also that wound-closure in excised tentacles of Sagartia may and 
commonly does involve neuro-muscular activities of essentially the 
same nature as those which appear in the attached stump. But in 
the excised tentacle these neuro-muscular activities are weak, ir- 
regular, and of brief duration. The decisive and persistent control 
of a cut end by a muscular sphincter is seen only in the attached 
tentacle. Certainly in Sagartia, and, for reasons already set forth, 
probably in Condylactis, the local capacities of the neuro-muscular 
mechanism of the tentacle are somehow reinforced by effects received 
from the body of the actinian. While, therefore, the tentacle is in 
certain of its functions to a degree autonomous, nevertheless when 
in normal relation to the body of the actiniau, it is more or less 
strengthened in the performance of these functions, and it is also 
capable of a greater variety of activities than when separated from 
the body. 
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Therefore the neuro-muscular complex, while morphologically 
diffuse, may possibly be regarded as exhibiting the essential be- 
ginning of nervous centralization. It is by virtue of the diffuseness 
of organization that the excised fragment of tentacle is able to per- 
form certain activities nearly or quite as well as if it were in nor- 
mal relation to the actinian. But the fact that normal continuity of 
the tentacle with the body is associated with the greater strength 
and precision, and probably with greater variety, in thereactions 
of the tentacle, suggests that the neuro-muscular mechanism possesses 
a certain integrative capacity. How much of the actinian partici- 
pates in the activities of a tentacle it is impossible to say with 
precision. Visible contraction is no absolute criterion by which we 
may judge of the extent of the effect of a stimulus. Upon general 
grounds I am unable to avoid the conclusion that p r i m i t i v e l y -  that 
is, before the elaboration of a spezialized nervous m e c h a n i s m -  the 
entire organism was involved, at least potentially if not necessarily, 
in the activities of any of its parts. With increase in size of the 
multicellular organism~ the unity of the whole cellular complex was 
maintained by the specialization of a tissue serving to distribute over 
the entire organism an effect received at any one point, and by 
focusing upon any one part impulses fi'om all other parts to effect 
in that part a response suited to the needs of the organism as a 
whole. We may conceive this primitive nervous tissue to have been 
at first quite diffuse and physiologically perfectly homogeneous within 
itself, capable of transmitting indifferently all effects everywhere. 
The aetinians do not depart so very far from this hypothetical pri- 
mitive condition. I regard the neuro-muscular arrangement i n  ac- 
tinians as one in which quantity counts. Discussing conditions in 
Condylactis (1909, page 219) I put the matter, somewhat vaguely, 
as follows. ~A piece of tentacle, then, is indeed a fragment of the 
actinian - -  that is, of the o r g a n i s m  - -  but it is not a fragment of 
the o r g a n i z a t i o n ,  by reason of the fact that it embodies the essen- 
tial features of the entire organization. The distal cut end of a 
detached tentacle, therefore, differs from the distal cut end of an 
attached tentacle merely as to the quantity of a certain kind of or- 
ganization lying proximal of them. It seems to me likely that the 
action of the muscles at the distal  cut end of an attached tentacle 
are under nervous control [which is now proved in the case of Sagar- 
flair and it may be that the nerve mechanism of the entire actinian 
participates in that control. Even if that be true, we may well sup- 
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pose that the fragment of tentacle exhibits the same kind of muscular 
activity by virtue of possessing the same kind of nerve mechanism 7 
although in less quantity,. It is to this ~less quantity, that I attri- 
bute the weakness of the reparative responses in excised tentacles 
of Sagartia. 

In the capacity of our hypothetical primitive nervous mechanism 
for transmitting effects from one point to all parts and from all parts 
to one part, we have the necessary point of departure for centraliza- 
tion of the nervous mechanism. The primitive diffuse nervous tissue 
and the centralized nervous mechanism serve alike to secure the 
physiological unity of the organism. The all-pervading nerve-net of 
the actinian is a diffuse central nervous o r g a n -  if so paradoxical 
a statement may be permitted. With increase in size of the organism, 
and with increase in complexity of structure and reactions, morpho- 
logical economy compels spatial redistribution of the nervous materials 
- - t h a t  is, morphological centralization. 

The neuro-muscular complex of the actinian stands at a threshold 
of organization. Morphologically diffuse and to a large extent phy- 
siologically undifferentiated within itself, it lies at the level of a 
tissue. But in its polarizations, in those internal differentiations of 
which the reactions of the animal give evidence, and in its capacity for 
unifying the organism, it is potentially an organ or an organ system. 
To become the ideal organ~ it must yet undergo spatial localization 
in the organism, and it must be molded into form. Thus does physio- 
logical differentiation preeede visible morphological differentiation. In 
the progressive evolution of organisms, function leads the way, leaving 
behind it a trail of living substance crystallizing into organic form. 

Summary. 
When a longer or shorter distal portion is cut away from a ten- 

tacle of any one of the several actinians studied, the closure of the 
eat end of the stump involves two distinct and separable processes. 
First, a strong contraction of the circular muscles of the tentacle 
wall within a definitely limited region at the cut end effects an im- 
mediate and functional closure of the end. The second process con- 
sists in slow positional readjustments within the tentacle epithelia 
whereby the end is permanently and structurally closed. The mus- 
cular contraction controls the cut end only until the definitive closure 
is completed. 

14. 
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In these activities of wound-closure no important part is played 
by cells acting as independent and uncoordinated individuals. 

The behavior at proximal and distal cut ends of excised por- 
tions of tentacles, and the behavior of cut tentacles from which neuro- 
muscular action has been eliminated by use of a paralyzing agent, 
show that the definitive structural closure of a cut end is due to 
the two epithelia of the tentacle wall acting as undifferentiated tissues. 
This process exhibits no polarity, no relation to the form of the ten- 
tacle or to the organism as a whole. It is such a process as might 
occur in any epithelium of any animal. 

The neuro-muscular activities concerned in wound-closure are 
more or less polarized with reference to occurrence at proximal and 
distal cut ends. They are not, as the tissue process potentially is, 
of merely local character, for they involve the participation of regions 
of the organism relatively remote from the wound. 

The reactions of the tentacles to tactile stimulation exhibit polarity 
and definite relations of the tentacles to other parts of the actinian. 

In its polarizations, in its expression of relations of one part of the 
aetinian to another, and in its integrative (unifying) capacity, the neuro- 
muscular tissue complex shows departure from the condition of inter- 
nal homogeneity which characterizes an ideal tissue. While ap- 
parently diffuse morphologically, its activities indicate that it must 
somehow possess a grade of organization higher than ti~at of a mere 
tissue and corresponding essentially to that of an organ or an organ- 
system. To become the ideal morphological organ, it must undergo 
spatial centralization and it must acquire definite form. 

The processes involved in the development and the maintenance 
of the specific form of an organism may conceivably be so analyzed 
that we may distinguish 1) the process which depends upon cells 
acting as uncoordinated individuals; 2) the process which is the func- 
tion of a system of coordinated cells homogeneous within itself - -  
that is, a tissue; 3) the process depending upon the existence within 
the tissue of that heterogeneity which determines the elevation of 
the tissue to the rank of an organ; and, finally, processes representing 
yet higher grades of organization culminating in those which are 
functions of the organism as a whole. 

To recognize clearly the grade or value of the organization re- 
sponsible for every form-determining operation would constitute an 
important step toward an understanding of the nature of organization. 



Wound Closure in Aetinian Tentacles etc. 213 

Zusammenfassung, 
Wird be i  irgendeiner der verschiedenen untersuchten Actinien ein liin- 

geres oder kiirzeres StUck yon einem Tentakel abgeschnitten, so vollzieht sich 
der VerschluB der Schnittwunde des Stumpfes durch zwei bestimmt verschiedene 
und auseinander zu haltende Prozesse. Zuerst bringt eine starke Zusammenziehung 
der Ringmuskulatur der Tentakelwand innerhalb eines bestimmt begrenzten 
Bezirkes des abgeschnittenen Endes einen unmittelbaren funktionellen Wund- 
verschluB zustande. I)er zweite ProzeB besteht in langsamer Wiederherstellung 
der normalen Lageverh'21tnisse innerhalb der Tentakelepithelien, wodurch die 
Wuude dauernd und strukturell verschlossen wird. Die Muskelkontrsktion ist 
in dem Sehnittende nur bis zur Voilendung des definitiven Verschlusses wirksam. 

Bei diesen aktiven Erscheinungen des Wundverschlusses spielen die Zeilen 
als unabh~ingige uud unkoordinierte Individuen keino wesentliche Rolle. 

Das Benehmen distaler und proximaler Schnittenden yon herausgeschnittenen 
Tentake]stUeken und auch der bes~hnittenen Tentakel, an denen die neuro-musku- 
l~ire TKtigkeit durch eine 1Khmende Einwirkung ausgeschaltet wurde, zeigt, dab 
der schlieflliche strukturelle VerschluB darauf beruht, dab sich die zwei Epithe- 
lien der Tentakelwand wie undifferenzierte Gewebe verhalten. Dieser ProzeB 
enthiillt weder Polarit~it, noch Beziehungen zu der Form des Tentake]s oder des 
Organismus ais Ganzes. Es ist ein ProzeB, wie er in jedem Epithel eines jeden 
Tieres vorkommen k~nnte. 

Die beim WundverschluB in Frage kommenden neuro-muskul~ren Aktivi- 
t~ten sind mehr oder weniger polarisiert in bezug auf ihr Vorkommen an pro- 
ximalen oder distalen Schnittenden. Sie tragen nieht lediglich lokalen Charakter, 
wie es der GewebsprozeB potentiell tut, da sie die Teilnahme yon Organismen- 
bezirken in gr~Berer Entfernung yon der Wunde involvieren. 

Die Reaktionen der Tentakeln auf BerUhrungsreiz weisen Polarit~t und 
bestimmte Beziehungen der Tentakeln zu andern Teilen der Actinie auf. 

In seinen Polarisationserseheinungen, im Ausdruek der gegenseitigen Be- 
ziehungen der Teile der Actinie, und in seiner Vereinigungsfiihigkeit zeigt der 
neuro-muskulKre Gewebekomplex eine Abweichung von dem Zustand der inneren 
HomogenitEt, welche ein ideales Gewebe charakterisiert. WEhrend es, morpho- 
logisch gesprochen, diffus erscheint, zeigen seine Aktivit~iten an, dab es irgend- 
wie einen h~heren Grad yon Organisation besitzen muB als ein bloBes Gewebe, 
einen Grad, der wesentlich dem eines Organs oder eines Organsystems ent- 
spricht. Um ein ideales Organ im morphologischen Sinne zu werden, miiBte es 
r~umliche Zentralisierung erfahren und eino bestimmte Gestalt erwerben. 

Die bei der Entwicklung und Erhaltung der spezifischen Form eines Orga- 
nismus t~itigen Prozesse k~nnen begreiflicherweise so analysiert werden, dab 
wir unterscheiden k~nnen: 1) den ProzeB, welcher yon Zellen abhiingt, die ais 
unkoordinierte Individuen funktionieren; 2) den ProzeB, welcher die Funktion 
eines Systems koordinierter Zellen darstellt, das in sich selbst homogen i s t , -  
also eines Gewebes; 3) den ProzeB, welcher yon der Existenz derjenigen Hetero- 
genitiit innerhalb des Gewebes abhiingt, der seine Erhebung auf den Rang eines 
Organs determiniert; endlich noch h~here Organisationsgrade repr~sentierende 
Prozesse, welche in denjenigen ihren H~hepunkt erreiehen, die Funktionen des 
0rganismus als Ganzes sind. 
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Kt~nnte man klar den Grad oder den Wert der fiir ieden einzelnen ge- 
staltlich determinierenden Vorgang verantwortlichen Organisation erkennen, so 
wiirde das einen wichtigen Schritt zum Verst~indnis des Wesens der Organi- 

sation darstellen. (Ubersetzt yon W. Gebhardt.) 
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